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PREFACE. 

My  object,  in  writing  the  following  pages,  has  been  to  present, 
to  the  Student  of  Medicine,  an  elementary  work  on  Chemistry, 
Jn  which  the  more  important  bearings  of  the  science  on  his  pro- 
iession  might  constantly  be  kept  before  his  view* 

To  answer  this  particular  intention  of  the  work,  I  have  given 
n  fuller  consideration  to  those  parts  of  the  science,  which  have 
•ome  direct  relation  or  application  to  Medicine.  Thus,  when- 
ever I  come  to  treat,  in  pursuing  the  scientific  order  of  the 
work,  of  any  particular  chemicid  substance,  which  consti- 
tutes a  part  of  the  materia  medica,  I  have  uniformly  given  its 
pharmaceutical  preparation,  and  taken  some  notice  of  its  medi* 
cinal  properties*  When  the  subject  of  vegetables  is  taken  up, 
I  have  contented  myself  with  giving  a  rapid  view  of  their 
proximate  constituents;  dwelling  more  particularly  on  those, 
which  constitute  .the  active  principles  of  the  more  powerful 
vegetable  medicines,  such  as  emetin,  morphia,  strychnin.  Sec* 
and  on  those,  which  are  the  chief  ingredients  in  nutritious 
vegetable  matter,  as  sugar,  starch,  gluten,  &c* 

In  passing  from  the  con9ideration  of  vegetable  to  animal  mat- 
ter, the  principal  intention  of  the  work  is  still  kepi  in  view* 
Animal  chemistry  generally,  and  in  its  particular  application  to 
the  human  body,  is  essential  to  be  known  by  the  student  of  me- 
dicine*  This  part  of  the  subject  is  first  treated  of  generaUy,  and 
.afterwards  with  particular  reference  to  the  chemical  nature  c^the 
various  parts  of  the  human  structure*  The  animal  functions,  which 
4re  elucidated  by  chemistry,  such  as  respiration,  assimilation, 
and  secretion,  are  next  cursorily  noticed* 

Such,  then,  is  the  plan,  upon  which  the  present  work  has  been 
conducted,  to  fit  it  for  the  use  of  tliose,  who  study  chemistry 
with  a  view  to  medicine*  These  explanations  being  premised,  it 
is  next  proper  to  say  something  of  the  general  arrangement  of 
the  work,  without  reference  to  its  use  by  any  particular  class  of 
readers* 

^  As  is  most  usual  in  chemical  works,  I  have  first  treated  of 

the  science  of  chemistry,  strictly  so  called,  and  afterwards  ap- 
plied the  knowledge,  thus  afforded,  in  ascertaining  the  chemical 

*        properties  of  matter  in  its  complex  forms,  as  it  occurs  most 

^        generaOy  in  nature* 

^  The  science  of  chemistry  commences  with  the  consideration 

of  matter,  and  is  completed  with  a  short  account  of  the  general 
principles,  upon  which  chemical  actions  occur*  In  treating  of 
matter,  contnry  to  the  common  usage,  I  have  commenced  with 
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its  ponderable  folrms,  and  afterwards  taken  up  the  consideration 
of  imponderable  matter.  In  pursuing  this  coarse,  I  have  been 
influenced  by  the  general  principle,  that,  in  works  intended  to 
convey  elementary  information,  it  is  proper  to  proceed,  as  far 
as  practicable,  from  the  easy  to  the  more  difficult  parts  of  the 
subject*  I  have  considered  the  attractions,  with  which  chemistry 
is  concerned,  after  matter,  since  all  that  can  be  said  upon  this 
subject  must  be  the  result  of  the  generalization  of  chemical  facts. 
To  have  pursued  a  contrary  order,  would  have  been  to  disre- 
gard the  fundamental  principle  of  proceeding  from  the  known 
to  the  unknown. 

In  treating  of  ponderable  matter,  those  forms  of  it,  which 
have  as  yet  resisted  the  efforts  of  analysis,  are  first  considered, 
lUider  the  title  of  undecompounded  bodies.  I  have  adopted  the 
term,  undecompounded^  from  Sir  H.  Davy,  and  have  uniformly 
used  it  in  place  of  the  word  simple^  on  accoutit  of  its  expressing, 
with  precision,  the  idea  intended  to  be  conveyed. 

In  arranging  the  undecompounded  ponderable  bodies,  I  have 
adopted  Dr.  Thomson's  primary  divisions,  of  supporters  of 
combustion,  incombustibles,  and  combustibles.  In  treating  ot  the 
combustibles,  however,  I  have  deviated  somewhat  from  the  ar- 
rangement of  this  chemist,  by  adding  a  class  of  acidifying  com- 
bustibles, and  in  giving  a  peculiar  meaning  to  the  epithet  inter" 
mediate^  as  applied  to  these  bodies.  The  reasons,  which  have 
influenced  me.  in  adopting  these  modifications,  have  been  fully 
given  in  the  chapter,  explaining  the  arrangement  of  the  undecom- 
pounded bodies.  It  may  be  proper,  however,  to  mention  in  this 
place,  that  I  have  ventured  to  propose  the  epithet  basifiable^  to 
designate  the  combustible  radicsds  of  salifiable  bases.  I  have  found 
this  word  so  useful  on  many  occasions  in  the  progress  of  the  work, 
that  I  have  been  induced  to  hope,  it  will  not  be  deemed  an  inju- 
dicious suggestion. 

Immediately  after  the  undecompounded  bodies,  I  have  thought 
it  most  adviseable  to  notice  the  atomic  theory.  I  could  not  speak 
of  it  sooner  with  any  prospect  of  making  myself  intelligible,  and 
to  delay  it  for  insertion  in  the  latter  part  of  the  work,  would 
have  been  to  lose  the  advantage  of  its  application.  After  this 
theory  has  been  laid  before  the  reader,  all  analyses,  as  far  as  practi- 
cable, are  given  atomically.  Those,  however,  which  had  been  pre- 
viously given,  are  expressed  in  numbers,  adjusted  in  accordance 
with  the  theory.  The^lan  of  Mr.  Dalton,  of  assuminethe  weight 
of  the  atom  of  hydrogen  as  unity,  has  been  adopted.  The  weights 
of  the  atoms  of  all  the  other  chemical  substances  are  greater 
than  die  weight  of  the  atom  of  this  body,  and,  at  the  same  time, 
exact  multiples  of  it.  In  having  pursued  this  plan,  therefore, 
the  advantage  has  been  gained  of  avoiding  fractions  in  the  equi- 
valent numbers  of  the  different  chemical  substances. 
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•  The  compound  ponderable  bodies  are  considered  under  the 
four  heads  of  salifiable  bases,  acids,  salts,  and  unsalifiable  com- 
pounds. The  expression,  salifiable  base,  as  applicable  to  those 
bodies,  which  form,  with  acids,  neutral  compounds,  for  the  most 
part  crystallizable  and  soluble,  b  sanctioned  by  the  usage  of  the 
best  chemical  writers  of  the  present  day,  and  may  now  be  consi- 
dered as  constituting  a  part  of  the  scientific  language  of  che- 
mistry. This  mode  of  appellation,  I  have  adopted  widiout  hesi- 
tation, but  I  have  not  followed  the  usual  nomenclature  of  the 
divisions  of  the  salifiable  bases.  Thus  I  have  used  the  expres- 
sion of  alkaUne  salifiable  boMee^  to  designate  the  compounds, 
usually  distinguished  by  the  separate  appellations  of  alkalies, 
and  alkaline  earths,  retaining  no  division  corresponding  to  the 
latter.  To  the  bodies,  usually  called  earths,  I  have  assigned  the 
name  of  earthy  salifiable  bases^  and  to  the  compoimds,  which 
are  generally  denominated  metallic  oxides,  I  have  applied  the 
expression  of  salifiable  bases,  not  alkaline  or  earthy. 

The  arrangement  of  the  acids  into  five  classes  has  been  found- 
ed upon  the  relations  of  their  various  bases  to  oxygen  and  hy- 
drogen, which  bodies  are  considered  as  acidifying  principles. 
This  arrangement  is  entirely  artificial,  and  has  no  o^er  purpose 
than  that  of  suggesting  the  composition  of  the  diflferent  acid  bo- 
dies. An  account  of  the  principles,  which  govern  it,  has  been 
given  in  a  separate  chapter  in  the  body  of  the  work. 

In  treating  of  the  salts,  I  have  thrown  them  into  as  many 
classes,  as  there  are  salifiable  bases,  formed  from  distinctradicals* 
If  I  had  adhered  to  uniformity  in  the  arrangement  of  these  com- 
pounds, perhaps  I  should  have  considered  them  in  as  many  sets, 
as  there  are  salifiable  bases  themselves.  By  doing  so,  however, 
I  should  haVe  separated  salts,  which  stand  more  naturally  toge- 
ther. For  example,  I  should  have  had  a  class  of  salts,  formed 
from  the  protoxide  of  iron,  and  another  class,  formed  from  the 
peroxide;  but  as  the  salifiable  bases,  present  in  these  salts,  have 
a  common  radical,  they  could  not  be  considered  with  advantage 
separately.  In  distinguishing  the  different  classes  of  salts,  I  have 
never  employed  the  name  of  the  radical,  which  may  furnish  the 
salifiable  base  or  bases,  present  in  them.  Hence  it  is,  that,  in 
the  following  work,  the  expressions,  salts  of  iron,  salts  of  lead, 
salts  of  mercury,  &c.  never  occur.  When  the  chemist  speaks  of 
the  salts  of  potash,  the  expression  is  strictly  correct,  and  design 
nates  all  those  salts,  in  which  potash  is  present  as  asaUfiable  base. 
When,  however,  he  speaks  of  the  salts  of  iron,  the  mode  of  ex- 
pression is  devoid  of  the  same  precision,  and  distinguishes  the 
salts,  formed  from  those  salifiable  bases,  which  contain  iron  as 
their  radical.  In  strict  propriety,  it  is  as  incorrect  to  speak  of  a 
salt  of  iron,  as  it  would  be  to  speak  of  a  salt  of  sodium  or  a  salt 
of  potassium. 
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This  want  of  uniformity  in  the  nomenctaturc  of  salts,  bow- 
erer  trifling,  in  its  influence,  it  may  beconsidered  by  the  initiated 
chemist,  is  nevertheless  a  source  of  considerable  embarrassment 
to  the  student,  whp  undertakes  a  course  of  elementary  studies 
in  chemistry  for  tne  first  time. 

Acting  imder  the  conviction,  therefore,  that  the  mere  student 
in  chemisiry  might  be  misled  from  the  influence  of  this  trrone* 
ous  mode  of  nomenclature,  I  have  endeavoured  to  overcome 
the  difficulty  by  adopting  a  new  plan  for  designating  the  classes 
of  saks,  usually  distinguished  by  the  names  of  the  radicals  of 
the  salifiable  bases  present  in  them.  For  example,  I  have  appro- 
priated, to  the  salts  formed  from  the  protoxide  and  peroxide  of 
iron,  the  tide  of  salts  of  oxidized  iron,  instead  of  the  usual  one, 
of  salts  of  iron.  The  expression,  oxidized  iron,  when  thus  em- 
ployed, may  be  viewed  as  a  generic  one,  including  under  its 
meaning  the  two  distinct  oxides  of  iron.  When,  however,  this 
mode  of  expression  is  used  to  distinguish  salts,  formed  from 
salifiable  bases,  whose  radicals  furnish  but  one  of  these  com- 
pounds respectively,  it  should  be  viewed  merely  as  a  more  con* 
cise  appdlation,  than  the  adoption  of  the  name  of  the  salifiable 
base  itsdf  would  furnish.  Thus,  although  the  expression,  aalu 
of  the  oxide  of  silver^  is  equidly  correct  with  that  of  salts  ofoxi* 
aized  silver^  yet  the  latter  is  always  preferred. 

Although  I  have,  in  the  manner  just  explained,  deviated  from 
the  usual  methods  of  distinguishing  particular  classes  of  salts,  I 
have  not  ventured  to  make  corresponding  deviations  from  the 
usual  nomenclature  of  the  salts  themselves. 

I  have  been  thus  particular  in  explaining  the  peculiar  mode^ 
which  has  been  adopted  in  naming  certain  classes  of  the  salts,  as 
explanations  on  the  point  were  inadvertently  onutted  in  the 
body  of  the  wofk. 

The  fourth  division  of  compoand  ponderable  bodies  has  for 
its  title,  unsalifiable  compounds.  Under  this  head,  I  have  ar* 
ranged  several  important  substances,  which  could  not  stand 
with  propriety  in  the  other  divisions  of  the  compound  bodies. 
The  epithet  unsalifiable,  as  here  applied,  although  not  altogether 
unexceptionable^  is  more  appropriate  than  any  other  which  has 
occurred  to  me. 

Having  finished  the  account  of  ponderable  matter,  I  proceed 
to  consider  the  imponderable  bodies.  Light  and  heat  are  the 
only  ones  considered.  Light  occupies  but  very  litde  attention, 
as  not  being  a  legitimate  object  of  chemical  investigation.  Heat, 
however,  is  treated  of  much  more  fully,  and,  in  some  respects, 
in  an  original  manner. 

According  to  the  arrangement,  which  I  have  adopted,  the 
genend  principles  of  chemical  action  are  next  considered.  Up* 
on  this  subject,  very  litde  has  been  said;  but,  perhi^,  aa  much 
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<p«ce  htt  been  devoted  to  the  subject,  s»  could  with  propriety 
be  appropriated  to  it,  without  swelling  the  work  to  an  inconve- 
nient size,  or  excluding  matter  of  practical  importance. 

In  the  second  part  of  the  work,  the  application  of  the  science 
of  chemistry  is  not  made  to  the  examination  of  all  the  depart- 
ments of  nature.  Mineralogy  is  too  extensive  a  science,  and  too 
remotely  connected  with  the  more  immediate  object  of  the  work, 
to  have  permtted  its  introduction  with  any  prospect  of  advan- 
tage. I  have,  therefore,  entirely  omitted  any  chemical  examina- 
tion of  minerals.  The  chemistry  of  vegetable  and  animal  sub- 
stances, however,  is  given,  and  treated  of  in  the  partial  manner, 
stt  already  explained. 

While  on  trie  subj^cct  of  the  second  part  of  the  work,  I  ought 
to  mention,  that  I  have  commenced  it  with  the  chemical  account 
of  the  atmosphere  and  water.  Perhaps  these  subjects  should, 
more  properK,  have  had  a  place  in  the  first  part;  but  I  was 
unaMe  to  assign  to  them  any  position  in  this  part,  where 
they  could  stand  with  even  toleraUe  propriety. 

The  chemical  nomenclature  of  the  present  work  di^rs,  in 
many  respects,  from  that  in  general  use,  and  is  sometimes  indeed 
peculiar  to  myself.  WhatevcT  may  be  the  defects  of  the  one, 
which  I  haive  adopted,  I  have,  at  least,  avoided  the  error  of  re» 
commending  one  plan  of  nomenclature,  and  adopting  another  in 
chemical  destriptions.  It  is  certainly  due  from  the  smcerity  of 
a  chemical  writer,  that  he  should  be  the  first  to  adopt  the  ake- 
iwcions,  which  he  may  suggest.  I  have  adopted  a  system  of  che* 
mical  terms,  from  various  sources^  without  regard  to  their  being 
the  ones  in  current  use,  under  the  impression,  thait  it  was  the 
most  appropriate,  which  could  be  used,  in  the  present  stale  of 
Ae  science.  This  system  of  terms,  I  have  uniibrmly  adhered 
to  in  chemical  descriptions.  With  regard  to  the  names  adopted, 
which  are  not  in  current  use  in  this  country,  I  feel  very  desi- 
rous that  some  of  them  should  get  into  general  use.  I  here  allude 
particularly  to  the  chemical  names,  invented  by  Gay-Lussac, 
of  hydrochloric  acid  and  hydrocyanic  acid,  instead  of  the 
usual  ones  of  mnriafic  acid  and  prosaic  acid.  About  die  hte 
of  the  names,  which  I  have  myself  proposed,  I  feel  little  so- 
ficttous.  I  have,  however,  been  unwilltng,  that  mhstt  might 
otherwise  be  useful,  should  be  less  so,  in  consequence  of  my 
innovations;  and,  accordingly,  I  have  always  introduced  the 
current  names  (in  parentheses)  in  explanation  of  the  new  names. 
Should,  therefore,  my  suggestions  in  nomenclature,  after  being 
submitted  to  candid  criticism,  be  deemed  injudicious,  the  com- 
prehension of  the  facts,  detailed  in  the  work,  will  not  be  the 
less  easy,  from  their  having  been  proposed.  I  have  made  a  simitar 
use  of  current  names,  in  explanation  of  all  parts  of  the  nomen- 
clature adopted,  which  are  not  in  familiar  use. 
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To  this  general  account  of  the  work,  it  is  proper  to  add,  that 
tables  have  been  given  of  the  more  important  chemical  sub- 
stances. This  plan  has  been  pursued  with  regard  to  all  the  un- 
decompounded  bodies,  and  also  with  regard  to  the  salifiable 
bases  and  acids.  These  tables,  I  permit  myself  to  believe,  will 
be  found  useful  to  the  student  of  chemistry,  as  well  by  re- 
capitulating the  information  contained  in  the  text,  as  by  present- 
ing interesting  comparative  views  of  the  properties  of  the  differ- 
ent sets  of  chemical  bodies.  I  have  also  given  a  view  of  the 
classification  pursued  of  the  undecompounded  and  compound 
bodies,  in  the  tabular  form. 

It  is  proper,  before  closing  this  preface,  that  I  should  say- 
semething  on  the  subject  of  the  sources,  from  which  the  present 
work  has  been  compiled.  The  great  mass  of  my  materials  have 
been  derived  from  the  fifth  edition  of  Dr.  Thomson's  system, 
published  in  1817.  This  work  is  the  most  comprehensive  one 
on  chemistry  in  the  English  language,  and  contains  an  abstract 
of  every  thing  of  importance,  which  has  been  dope  in  the  sci"» 
ence.  In  preparing  the  chemical  part  of  the  present  work,  I  have 
availed  myself  of  the  information  contained  in  this  system,  as 
far  as  it  was  applicable  to  my  purpose.  Whenever  I  have  found 
it  silent  or  unsatisfactory  on  any  particular  point,  I  have  sought 
for  information  elsewhere,  and  principally  in  Accum's  and  Da- 
vy's works,  and  Nicholson's  Chemical  Dictionary.  Occasionally, ' 
I  have  consulted  Coxe's  edition  of  Henry's  Chemistiy.  For  the 
pharmaceutical  chemistry,  and  for  the  notices  of  the  medicinal 
properties  of  the  various  chemical  preparations,  I  am  indebted 
almost  exclusively  to  Coxe's  Dispensatory.  In  compiling  the 
department  of  the  work,  devoted  to  the  chemistry  of  animab,  I 
have  occasionally  derived  my  facts  from  Johnson's  Anin^d 
Chemistry. 

While  I  have  thus  compiled  the  work  from  the  most  approved 
ajrstems  of  the  day,  I  have  not  been  unmindful,  that,  meanwhile, 
the  science,  of  which  I  was  treating,  was  in  a  progressive  course 
of  improvement.  In  order,  therefore,  that  it  might  contain  all 
important  discoveries,  up  to  the  present  time,  I  have  consulted 
the  periodical  journals  on  chemistry.  From  these  sources,  I 
have  derived  the  facts,  contained  in  the  sections  on  selenium 
and  its  acid  compounds,  on  cadmium,  wodanium,  litbia  and 
thorina,  on  the  purpuric  and  sorbic  acids,  and  on  strychnin;  and 
also  the  notices,  which  I  have  given,  of  die  discoveries  of  The- 
nard,  on  the  oxidizement  of  water  and  the  acids.  In  all  these 
c^es,  the  authority  is  quoted  at  the  foot  of  the  page. 

November,  1819. 
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SYSTEM  OF  CHEMISTRY 


TOS 


STUDENTS  OF  MEDICINE. 


IT  18  proposed^  in  the  present  work,  to  take  such  a  view  of  Phn  of  the 
the  science  of  Chemistry,  as  will  mark,  more  particularly,  its  '^^^' 
numerous  relations  to  that  of  Medicine*  Accordingly)  while 
the  whole  ground  which  the  science  embraces  will  be  gone 
over,  so  as  to  make  the  work  complete  in  itself;  those  par- 
ticular portions  of  it  only,  the  knowledge  of  which  is  abso- 
lutely essential  to  the  formation  of  a  medical  education, 
will  be  particularly  dilated  upon,  and  the  practical  details 
connected  with  them  carefully  noted* 

^  In  a  complete  system  of  chemistry,  the  subject  naturally  What  a 
divides   itself  into  two  parts:  one  in  which  the  science,  ^™P**^  _ 
strictly  so  called,  is  detailed;  the  other,  in  which  all  thebmoes. 
substances  in  nature,  within  the  reach  of  the  chemist,  are 
examined,  and  the  facts  connected  with  them  recorded: 
this  second  part  of  the  subject  has  been  very  properly  called 
a  chemical  examination  of  nature* 

But  in  the  present  work,  this  arrangement  will  be  con- in  what  the 
siderably  modified.  In  the  first  part,  the  science  of  chemistry,  fj^'^f^'a 
properly  so  called,  will  be  given  complete;  but  many  sub-  <^mpiete 
stances,  which  have  no  particular  interest  for  those  studying  **>^k»  *■»* 
or  practising  medicine,  will  be  but  cursorily  noticed;  while  of^the  dif- 
of  others,  such  as  of  many  of  the  salts,  metals,  acids,  &c*  ferenee. 
substances  which  constitute  important  parts  of  the  materia 
medica,  the  chemical  history  will  be  more  fully  given* 
In  the  second  part,  instead  of  taking  a  view  of  the  whole 
of  nature,  a  chemical  examination  will  be  made  of  the 
atmosphere  and  waters  of  the  globe,  and  of  vegetable  and 
animal  substances  generally,  closing  with  a  particular  ac- 
count of  the  animal  chemistry  of  the  human  body. 

A 
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PART  L 


SCIENCE  OF  CHEMISTRY. 


With  what  1  HE  science  of  chemistry  is  concerned  in  noticing  those 
pheoomeDa  actions  of  matter  upon  matter,  which  take  place  at  insensible 
of  oheinis-  distance's*  This  branch  of  knowledge  may  be  very  naturally 
try  is  fOD-  divided  into  two  parts;  the  first  giving  a  history  of  the 
^™  '  changes  produced  upon  bodies,  as  consequences  of  these 
actions;  and  the  second,  detailing  the  laws  by  which  the 
Division  of*^^'^"^*  themselves  are  regulated.  The  first  part  may  be 
this  part  of  called  a  chemical  account  of  bodies:  the  second  treats  of  the 
the  suhject.  attraction  of  aggregation  and  chemical  affinity* 

The  various  bodies  which  are  presented  to  the  observation 
of  the  chemist  differ  in  a  certain  particular,  which  makes  it 
convenient  to  describe  them  in  two  distinct  sets*  One  set 
are  capable  of  being  estimated  by  weight;  the  other  set, 
comprising  light  and  heat,  are  imponderable*  The  latter, 
having  many  common  properties,  are  described  with  great 
propriety  by  themselves;  and  being  more  difficult  to  under- 
stand than  the  ponderable  bodies,  it  is  proper  to  postpone 
their  consideration  until  the  substances  which  may  be  es- 
timated by  weight  have  been  disposed  of. 

Agreeable  then  to  the  foregoing  view  of  the  subject,  the 
science  of  chemistry,  properly  so  called,  will  be  treated  of 
under  the  three  followmg  heads,  forming  the  subjects  of  as 
many  books: 

I*     Ponderable  bodies, 
IL    Imponderable  bodies, 

III.  The  general  properties  of  matter  upon  which 
chemical  changes  depend* 
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BOOK  I. 

OF  PONDERABLE  BODIES. 

All  the  bodies  which  are  included  under  this  ti4e  may    Book  I. 
be  separated  into   certain   constituents,  which  resist   the  PondenSc 
efforts  of  further  analysis.  Although  it  is  demonstrable  that  ^^<^m 
simple  substances  must  exist  in  the  nature  of  things;  yet  it 
is  by  no  means  certain,  that  those  at  present  undecompound- 
ed  are  really  simple.  In  fact  the  large  number  of  such  bodies, 
at  present  reckoned  by  chemists,  is  rather  unfavourable  to 
the  opinion.  These  constituents,  therefore,  of  ponderable 
bodies  will  be  denominated  undecompounded  bodies;  the 
epithet  undecompounded  expressing  the  bare  fact  only  that 
such  bodies  have  never  been  resolved  into  simpler  consti- 
tuents.—Now  all  the  ponderable  bodies  must  be  either  unde-  are  either 
compounded,  or  bodies  known  to  be  compound.  Accordingly,  '*"'^JSd" 
on  this  basis,  the  ponderable  bodies  will  be  arranged  into  two  or  knovn 
sets  under  the  title  of  divisions;  namely,  ^  b«  eom- 

1.  Undecompounded  ponderable  bodies.  ^*^^^ 

3.  Compound  ponderable  bodies. 


DIVISION  I. 

OF  UNDECOMPOUNDBD  PONDBBABLE  BODIES. 

Ik  conformity  with  Dr.  Thomson's  arrangement,  these  DtTUUm  of 
bodies  will  be  divided  into  So«i]plD«nd- 

1.  Supporters  of  combustion,  edpondei^ 

2.  Incombustibles,  »*»i«  '^^ 
d«  Combustibles. 

The  substances  arranged  under  each  of  these  heads,  will 
be  treated  of  in  the  three  following  chapters. 

After  the  consideration  of  the  undecompounded  pondera- 
ble bodies  has  been  thus  completed,  the  arrangement  of 
them  which  has  been  adopted  will  be  explained  and 
illustrated;  and  then  the  theory  of  definite  proportions  in 
chemical  coitlbination,  and  the  atomic  theory,  will  be 
noticed.  These  two  subjects  will  be  given  in  a  fourth  and 
fifth  chapter,  as  they  will  form  a  very  proper  sequel  to  die 
chapters  employed  in  describing  the  chemical  bodies  in- 
cluded in  the  present  division. 


UNDECOMPOtJKDBD  SUPPORTERS. 


Book  I. 
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CHAPTER  I. 

OF  UNDECOMPOUNmSD  SUPPORTERS  OF  COMBUSTION. 

Term  «f^      Tbe  term  supporter  is  applied  to  those  bodies,  whose 
jj2JJ^""   presence  is  absolutely  necessary  in  every  case  of  combus- 
tion: the  undecompounded  supporters  are  those  bodies  of 
this  kind  which  have  never  been  decomposed. 

The  undecompounded  supporters  are  reckoned  as  three; 
they  are  the  following: 

1.  Oxygen, 

2.  Chlorine, 
3*  Iodine. 

The  substance  called  fluorine  is  supposed  to  have  most 
of  the  properties  of  an  undecompounded  supporter.  But  its 
tide  to  a  place  in  this  class  of  chemical  bodies  is  founded, 
for  the  most  part,  upon  analogical  reasonings;  and  until  its 
real  nature  is  more  accurately  developed,  it  is  better,  with- 
out classing  it,  to  describe  its  properties,  as  far  as  they  are 
known,  at  the  end  of  the  present  chapter. 

The  supporters  above  enumerated  will  constitute  the  sub- 
jects of  the  three  following  sections.  ' 


SECTION  I. 

op  OXYGEN*   GAS. 

JDephlogitticated  Mr  of  Prieitiey. 

Method  aC     I*  Oxygen  gas  may  be  obtained  by  the  following  process: 

Ruining    Put  iq^o  a  flask  a  quantity  of  the  black  oXfde  of  manganesef , 

^^'     a  substance  to  be  described  hereafter,  and  pour  u]K)n  it 

a  plbrtion  of  oil  of  vitriol,  sufficient  to  form  it  into  a  thin 

paste.  Fit  to  its  mouth  a  glass  tube,  bent  in  the  shape  of  the 


*  From  i%vnK  wadity,  Bod  yiyw/uu  Co  generate. 

t  It  is  imp<iB8ible,  from  the  iiAture  of  the  science  of  Chemistryt  to  eommenee 
vith  anj  part  of  it,  so  coitipletely  elementary,  as  not  to  require  the  introduction 
4f  other  parts  to  aid  in  eirplatiation.  From  this  fact,  h  becomes  necessary,  at  fh« 
tcry  thresiioM  of  the  work,  to  intro(fuce  substances  to  tho  notice  of  the  reader, 
of  which  he  is  presume'l  to  have  no  knowledge.  This  being  an  inevitable  diffi- 
euHy,  the  i*ewier  is  advised,  whenever  be  meets  with  a  new  term,  to  eoniult  the 
index  of  the  woric,  in  order  that  he  may  refer  to  the  ebemiosl  aubstaaee  whieh 
such  term  is  intended  to  convey,  and  thereby  acquire  some  idea  of  its  nature. 


OXYGEN.  j 

etter  S«  Adjust  the  mouth  of  the  tube  80  as  to  be  in  the   Obav.l 
proper  relative  position  to  the  pneumatic  apparatus*,  pre-  ' 

viously  prepared  with  an  inverted  jar  filled  with  water. 
Apply  heat  to  the  flask  by  means  of  a  lamp  or  candle.  An 
air  wiU  be  perceived  passing  up  in  bubbles  into  the  inverted 
jar:  this  air  is  oxygen  gas* 

IL  The  rationale  of  the  formation  of  oxygen  gas  by  the  Ezplaup 
above  process  appear  to  be  this;  the  oil  of  vitriol  does  not  *'?,?f,**'^ 
dissolve  easily,  the  black  oxide  of  manganese;    but  very  P""'"' 
readily  the  green  oxide  of  this  substance,  which  contains 
only  half  as  much  oxygen  as  the  blackl  Accordingly  the  oil 
of  vitriol,  by  its  action  upon  the  black  oxide,  dispkices  half 
its  ox^'gen  which  appears  in  the  gaseous  form,  and,  after  be- 
ing reduced  to  the  state  of  green  oxide,  dissolves  it. 

III.  Oxygen  gas  was  first  obtained  by  Dr.  Priestley  in  Diaoorery. 
1774:  it  was  afterwards  discovered  by  Scheele  before  he 

had  any  knowledge  of  the  previous  discovery  of  Priestley. 

IV.  Oxygen  gas  is  a  colourless  and  elastic  fluid  like  Propcrtka. 
common  air.  It  is  entirely  destitute  of  taste  or  smell. 

V.  Bulk  for  bulk,  it  is  a  litde  more  than  one  and  one-  Spae.  grtr. 
tenth  times  as  heavy  as  atmospheric  air.  ^'^^ 

VI.  Oxygen  gas  supports  flame  with  greater  vividness.  Oxygen 
and  for  a  longer  time  than  atmospheric  air.  If  a  burning  g^Ppf^ 
body  be  introduced  into  a  glass  vessel  containing  this  gas,  its 
flame  is  increased  exceedingly  in  brilliancy.  The  products 

of  combustion  in  this  gas  are  called  oxides^   It  supports  re-  and  re^ii- 
spiratioR,  and  animals  live  longer  in  it  than  in  an  equal  ^^'^^ 
bulk  of  atmospheric  air.    The  consideration  of  its  uses, 
however*  both  in  combustion  and  in  respiration,  will  be  de« 
ferred  until  these  subjects  come  to  be  treated  of  particularly. 

VII.  Oxygen  gas  is  a  constituent  in  atmospheric  air,  ofCompoaeta 
which  it  forms  in  bulk  a  little  more  than  one-fifth  part.  It  J|*JJ^|^^ 
is  also  a  constituent  of  water,  forming  eight-ninths  of  that  Ld  of  trt- 
liquid  by  weight*  <«*• 


*  This  Apparatus  consists  of  a  trough  of  wood,  f^enerally  lined  with  sheet  lead 
or  tm,  in  which  a  shelf  is  fitted,  about  three  inches  fVom  the  top.  In  the  shelf,  a 
bole  or  slit»  aboot  an  inch  in  diatneter,  is  made.  When  used,  the  trough  is  filled 
with  water  to  about  an  inch  above  the  surface  of  the  shelf;  a  glass  tessel  filled 
with  water  and  inverted  is  then  placed  upon  it,  over  the  hole  or  slit:  now  if  the 
beak  of  a  retort  or  the  extremity  of  a  glass  tube  te  plunged  into  the  trough,  so 
ihat  its  mouth  shall  be  under  this  openii^;  any  air  or  gas  which  may  be  forced 
tfaroagh  either,  will  ascend  through  the  opening  in  the  shelf  into  the  upper  part 
of  the  vessel,  inverted  upon  it,  displacing,  at  the  same  time,  the  water. 

In  this  manner  the  ga«es  which  are  not  absorbed,  or  very  sparingly  so,  by 
water,  are  preserved.  Any  gas  which  is  taken  up  largely  by  water^  is  collected 
by  A  ainilar  apparatus  in  which  quicksilver  is  substituted  for  water. 
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SECTION  II. 

OF  CHLORINE*  GAS. 

BephlogUtieated  Muriatic  Add  of  Sehede;— Oiiyjnemxed  Muriatic  Acid  of 

Berthollet. 

Method  of     !•  Chlorine  gas  may  be  obtained  by  the  following  pro- 
obtaining    cess:  Put  into  a  small  glass  retort  a  quantity  of  the  black 
o^onne      q^j  j^  q{  manganese  in  powder,  and  pour  upon  it  a  sufficient 
quantit}'  of  the  marine  acidf  of  the  shops,  to  convert  it  into 
a  thin  paste.  Plunge  the  beak  of  the  retort  into  a  pneumatic 
trough,  and  apply  the  heat  of  a  lamp  to  its  bottom.  A  gas 
is  extricated,  which  may  be  collected  in  inverted  glass  phiab, 
in  a  manner  similar  to  that  described  in  the  last  section* 
The  phials  may  be  removed  from  the  trough,  and  the  gas 
preserved   by  fitting   to  their  mouths  accurately  ground 
stoppers.  This  gas  is  chlorine. 
EzpUna-        II*  Chemists  have  ascertained  that  the  marine  acid  is  a 
tion  of  the  compound  of  the  gas  under  consideration,  and  an  inflamma- 
proeets.     y^  ^.^  ^^  j^^  described  hereafter  under  the  name  of  hydro- 
gen. In  the  process  just  given,  the  acid  and  the  oxide  mu- 
tually decompose  each  other;  the  chlorine  of  the  former  is 
extricated  while  its  hydrogen  combines  with  the  oxygen  of 
the  latter. 
Chtorine         III.  Chlorine  gas  was  discovered  by  Scheele  in  1774. 
b'sl^'l^  In  1785,  Berthollet  made  a  set  of  experiments  upon  it,  by 
^      ^  ^  which  he  was  supposed  to  have  proved  it  to  be  a  compound 
of  the  marine  acid  and  oxygen.    In  1809  Gay-Lussac  and 
Thenard  published  some  experiments  going  to  demonstrate 
that  oxygen  could  not  be  shown  to  exist  in  Berthollet's 
troe  nature  oxygenized  muriatic  acid.  Sir  H.  Davy  soon  after  took  up 
Jl^'!  ^    the  subject,  and,  in  two  papers  which  were  published  in  the 
-^f^xj,    '    Philosophical  Transactions   for  1810,  fully  demonstrated 
that  all  the  experiments  which  were  supposed  to  indicate  the 
compound  nature  of  oxymuriatic  acid,  as  the  gas  under 
consideration  was  then  called,  were  fallacious;  and  in  fact 
that  it  was  as  yet  an  undecompounded  substance:  he  ac- 
cordingly changed  its  name  to  chlorine. 
Properties.      IV.  Chlorine  is  in  the  form  of  a  gas,  and  possesses  the 
mechanical  properties  of  atmospheric   air.     Its  colour  is 
greenish  yellow;    its   smell,  very  strong  and  suffocating, 
exactly  like  that  produced  upon  mixing  together  aqua  fortis 

*  From  ykcafof  green. 

t  An  acid  which  may  be  obtained  from  eommoa  salt  by  the  action  of  the  (m1  of 
vitriol,  to  be  deieribea  hereafter. 
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and  the  marine  acid*   It  destroys  all  vegetable   colours,  Ciup.  i; 
changing  them  to  white.  — 

V.  It  is  nearly  two  and  a  half  times  as  heavy  as  atmos-  Spec  gnr. 
phericair.  «*700. 

VI.  Chlorine  gas   supports  combustion.    Some  of  the  Supporti 
metals,  as  antimony,  arsenic,  zinc  and  iron,  take  fire  spon-  ^°^^u*^<>" 
taneously  when  plunged  into  it.   The   products  of  these 
combustions  are  compounds  formed  of  the  burning  body 

and  chlorine:  they  are  called  by  chemists,  chlorides. 

VII.  Chlorine  gas  does  not  support  respiration.  An  ani-  bot  not  re- 
mal  forced  to  breathe  it,  dies  almost  instantly.    From  this  "P'*^^^* 
it  appears,  that  chlorine,  although  it  agrees  with  oxygen  in 
supporting  combustion,  is  very  different  from  the  latter  in 

being  unrespirable. 

VIII.  Chlorine  gas  is  absorbable  by  water,  with  which  Abiorbable 
it  forms  a  liquid  having  the  characteristic  properties  of  the  ^^  ^•**''- 
gas  itself,  ^hen  fully  saturated,  water  contains  twice  its 
volume  of  chlorine. 

IX.  Chlorine  combines  in  four  proportions  with  oxygen,  Ponm  foar 
and  forms  compounds,  which  have  been  distinguished  by  ^^^^^ 
the  following  names:  ^n. 

1.  Protoxide*  of  Chlorine.  . 

2.  Deutoxide  of  Chlorine. 

3.  Chloric  acid. 

4.  Perchloric  acid. 

Chloric  and  perchloric  acids  will  be  described  hereafter 
under  the  head  of  acids;  the  latter  under  the  changed  name 
of  oxychhric  acid.  The  oxides  of  chlorine  will  be  noticed 
this  place. 

1.  Protoxide  of  Chlorine  may  be  obtained  by  distilling  at  i.  Protoz- 
a  gentle  heat,  the  substance  formerly  called  hyperox)anuriate  ^^  ®^*®' 
ot  potash,  but  at  present  more  properly  named  chlorate  of 
potashf,  mixed  with  a  small  proportion  of  marine  acid.  A 
«»  is  extricated  which  must  be  received  over  mercury. 
This  gas  is  the  protoxide  of  chlorine.  The  rationale  of  its 
formation  is  not  very  obvious. 

*  Oxide  IB  the  term  applied  to  all  substances  of  two  ingredieiiti^  of  whieh 
onrgeD  is  one,  unless  soeh  sabstanees  have  aeid,  alkafine^  or  earthy  properties. 
When  oxygen  combines  in  two  proportioiis  with  a  body,  without  the  appearance 
of  these  properties,  the  oxides  formed  are  distingnished  by  the  prefixes  ^o<o  or 
pr9tf  abbrenated  from  irfvrof  first,  and  deuto  or  deut^  from  itvrt^  second; 
the  fiirmcr  bcins  applied  to  the  oodde  whieh  contains  the  least  oxygen,  the 
latter  to  the  oxide  which  contains  the  most  When  a  greater  namber  than  two 
csides  of  the  same  substance  are  to  be  distinguished,  other  prefixes  derived  from 
the  Greek  numerals  are  employed.  This  mode  of  distingoishmg  oxides  was  devised 
|»y  Dr.  Thomson. 

j-  Chlorate  of  potash  is  prepared  by  passing  a  current  of  chlorine  gas  throagh 
A  solotion  of  common  potash,  until  tne  btter  becomes  saturated.  The  liqud 
thus  formed,  upon  standing  depositee  crystals  of  chlorate  of  potash.  It  is  a  com- 
pooad  of  ohiono  aeld  and  potaw,  and  will  be  desoribed  hereafter. 
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UNDECOMPOUNDED  SUPPORTERS. 


Book  I.       ^*  '^'^^^  S^  ^^  discovered  in  1611  by  Sir  H.  Davy,  by 
DiyisioQ  I.  whooi  it  was  named  euchlorine;  but  its  present  name,  given 
""""^"""^  by  Dr.  Thomson,  is  preferable,  being  expressive  of  its  com- 
position. 
PropertiM.      S.  Protoxide  of  chlorine  has  an  intensely  yellow  colour, 
and  a  smell  resembling  that  of  burnt  sugar*  It  destroys  ve- 
getable blue  colours,  but  not  until  after  it  has  given  them  a 
tint  of  red. 
Spea  gray.     4.  It  is  somewhat  less  than  two  and  a  half  times  as  heavy 
^^'     as  atmospheric  air. 

5.  It  is  absorbable  by  water.  This  liquid  when  fully  sa* 
turated,  contains  eight  times  its  bulk  of  the  gas,  and  pos- 
sesses its  peculiar  colour  and  smell. 
CompoH-        6.  Protoxide  of  chlorine  is  composed  of 
^^  Chlorine  36 

Oxygen  8 

44 

8L  Deatox-       1.  DeutooAde  of  Chlorine  may  be  obtained  by  the  following 

ide  of  eblo-  process:  Take  a  very  small  quantity  of  chlorate  of  potash  (the 
same  substance  which  is  employed  in  the  formation  of  the 
protoxide  of  chlorine)  and  form  it  into  a  dry  paste  by  mixing 
it  with  oil  of  vitriol.  Put  this  paste  into  a  small  retort,  and 
immerse  its  belly  in  hot  water,  whose  temperature  must  not 
be  allowed  to  reach  the  boiling  point.  A  gas  is  immediately 
extricated,  which  must  be  collected  o^r  mercury.  This  gas 
is  deutoxide  of  chlorine. 

2.  Deutoxide  of  chlorine  was  discovered  about  die  same 
time  by  Sir  H.  Davy  and  G>unt  Von  Stadion. 

Prapertiei.  3.  It  has  a  bright  yellowish-green  colour,  and  a  peculiar 
aromatic  smell. 

Spec.  gnT.  4.  It  is  about  two  and  one*third  times  as  heavy  as  com- 
mon  air. 

5.  It  exerts  no  action  upon  any  of  die  combustibles  except 
phosphorus.  This  substance,  when  introduced  intii  it,  pro* 
duces  an  explosion,  and  bums  with  great  brilliancy. 

6.  Water  absorbs  seven  times  it  bulk  of  this  gas.  The  solu- 
tion has  a  deep  yellow  colour,  and  an  astringent  corrosive 
taste. 

Compoti.        7.  Deutoxide  of  chlorine  is  composed  of 
tion.  Chlorine  36 

Oxygen  32 

68— so  it  appears  that 
this  oxide  of  chlorine  contains  four  ttmes  as  much  oxygen^ 
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united  to  the  same  quantity  of  chlorine,  as  the  one  last  C«ai>.l 
described.  " 

X.  The  property  which  chlorine  possesses  of  destroying  Chlorine 
all  vegetable  colours,  suggested  its  use*  to  BerthoUet  as  an"*^^*^.^ 
agent  in  bleaching.  Accordingly  it  is  used  extensively  for    *^  "*^ 
diat  purpose,  wherever  bleaching  is  carried  on  largely. 

XI.  Chlorine  is  found  to  be  a  most  efficacious  agent  in  and  io  det- 
destroying  contagion  and  putrid  exhalations  of  all  kinds,  ^^^i"? 

It  is  at  present  in  general  use  in  the  anatomical  theatres  ^  liCuki 
both  of  Europe  and  America,  and  in  the  naval  and  military  miaaiMt»: 
hospitals  of  Great  Britain. 

In  order  to  prepare  this  gas  for  the  purpose  of  destroying 
contagion  or  miasmata  of  anV  kind;  all  that  is  necessary  is 
to  mix  together  two  parts  of  common  salt  and  one  of  the 
black  oxide  of  manganese;  and  to  pour  upon  the  mixture  two 
parts  of  oil  of  vitriol:  the  fumes  of  chlorine  immediately 
arise  and  are  distributed  in  the  infected  atmosphere  widi 
the  effect  of  destroying  the  miasmata. 

XII.  Chlorine  gas  produces  very  striking  effects  upon  the  and  as  a 
human  system.  When  taken  internally,  or  when  externally  '«»«*J- 
applied  in  solution  by  sponging  or  in  the  form  of  a  bath,  it 

very  soon  creates  uneasiness  in  the  throat  upon  swallowing, 
a  redness  of  the  gums,  and  a  burning  sensation  over  the 
roof  of  the  mouth.  These  effects  are  succeeded  by  the  for- 
mation of  little  ulcerated  speck's,  which  penetrate  the  cuticle 
only,  on  the  inside  of  the  mouth  and  tongue;  but  fetid  ul- 
cerations, such  as  are  formed  by  the  use  of  mercury,  are 
never  produced.  When  employed  externally  the  teeth  par- 
take of  the  uneasy  feeling  of  the  mouth,  bat  are  in  no  ca^e 
injured.  AH  these  effects  are  very  fugitive,  passing  away 
in  some  cases  in  a  very  few  days.  On  the  general  system  it 
has  the  effect  of  quickening  the  pulse.  It  appears  to  act 
with  considerable  energy  upon  the  glandular  system: 

Of  all  the  glands  in  the  body,  it  appears  to  exercise  th^ 
greatest  influence  over  the  liver,  increasing  the  secretion  of 
bile  in  an  eminent  degree.  It  is  to  Dr.  H.  Scott  particu- 
larly that  the  medical  world  is  indebted  for  having  first 
pointed  out  the  effeets  of  chtorine  in  the  diseases  of  the  liver. 
This  physician  was  in  the  habit  of  using  it  as  a  riemedy  in 
the  hepatitis  of  India,  which  according  to  him  is  a  mixture 
of  the  acute  and  chronic  states  of  that  disease.  In  such 
cases  he  has  found  chlorine  to  be  equally  efficacious  with 
the  oxides  of  mercury,  without  its  use  being  attended  with 
the  disagreeable,  and  sometimes  injurious,  effects  of  the  latter 
remedies*  To  those  cases  of  derangement  of  the  biliary  sys- 
tem, which  are  accompanied  by  uneasy  nervous  feelings,  he 
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Book  l   found  the  use  of  this  supporter  particularly  suited,  by  un- 
f^  clogging  the  vessels  of  the  liver  and  calming  the  nervous 
system. 

Dr«  Scott  compares  the  remedial  powers  of  chlorine  to 
those  of  mercury;  but  attributes  to  the  former  the  advan- 
tage of  being  harmless  as  a  remedy,  even  in  unskilful  hands* 
It  is  particularly  suited,  according  to  him,  to  those  cases  of 
disease,  which  appear  to  require  mercury;  but  which,  oc- 
curring in  peculiar  or  delicate  constitutions,  forbid  the  use 
of  that  remedy. 

Chlorine  is  spoken  of  as  a  remedy  also  in  syphilis;  but  the^ 
experience  of  its  use  in  this  disease  has  not  been  sufficiently 
diversified  to  afford  conclusions  to  be  depended  upon* 

Dr.  Scott  uses  the  remedy  internally;  and  also  externally, 
in  the  form  of  a  bath,  by  sponging,  and  by  immersion  of 
different  parts  of  the  body* 

Dr.  Scott  makes  his  bath  of  a  mixture  of  equal  parts  of 
marine  acid  and  nitrous  acid*,  diluted  with  water  until  its 
acidity  is  about  equal  to  that  of  weak  vinegar*  He  prepares 
it  warm  and  directs  its  use  once  a  day,  continuing  each 
bathing  half  an  hour* 

When  used  internally,  Dr*  Scott  directs  the  mixture,  ren- 
dered very  weak  by  dilution,  to  be  taken  in  small  quantities 
at  a  time  during  the  day,  using  the  precaution  of  washing 
the  mouth  after  each  dose*  It  is  presumed  that  as  much  of 
the  mixture  may  be  taken  through  the  course  of  a  day  as 
may  be  conveniently  swallowed* 

Water  saturated  with  chlorine  was  found  by  Dr*  Scott  to 
have  the  same  effects  as  a  remedy  as  his  preparation  of 
mixed  acids*  This  physician  therefore  does  not  hesitate  to 
believe  that  chlorine  is  the  active  part  of  his  remedy;  and 
in  accordance  with  this  opinion,  the  same  medical  proper- 
ties attributed  by  Dr*  Scott  to  his  acid  mixture,  have  in  the 
present  section  been  assigned  to  chlorine*! 


*  An  acid  to  be  describe  hereafter,  which,  hy  mixture  wiUi  marine  add, 
extrketei  chlorine. 

j^  See  Dr.  Scott's  paper  on  the  internal  and  external  oie  of  the  nitro-mnriatie 
add  in  the  care  of  diaeaaes,  from  which  the  above  facts  are  taken;  repobUshcd  in 
the  Med.  Reeorder,  Vol  L  p.  SI. 
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SECTION  III. 

OP  IODINE.* 

L  Iodine  may  be  obtained  by  the  following  process:  iodine,  how 
Digest  a  quantity  of  kclpf  in  water,  until  every  thing  solu-  P«P«r«*- 
ble  is  taken  up.  Filter  the  solution  and  evaporate  it  until  all 
the  common  salt,  which  will  fall,  has  separated  in  crystak. 
Boil  the  residual  liquor  with  a  portion  of  oil  of  vitriol  for 
some  time.  Put  the  liquid  thus  formed  into  a  small  retort, 
and  add  as  much  black  oxide  of  manganese  as  had  pre- 
viously been  employed  of  oil  of  vitriol.  If  heat  be  applied 
to  the  liquid  after  tjiis  addition,  a  violet  coloured  vapour 
arises,  which  by  condensation  in  a  proper  receiver  is  con- 
verted into  a  brilliant  solid  substance.  This  substance  is 
iodine. 

II.  Iodine  was  discovered  in  1811   by  Courtois,  a  salt- Diieovery- 
petre  manufacturer  of  Paris.  Very  little  progress,  however, 

was  made  in  the  investigation  of  its  properties  until  the 
winter  of  1813-14,  when  it  received  a  particular  examina- 
tion from  Gay-Lussac  and  Thenard,  and  Sir  H.  Davy. 

III.  Iodine  is  a  solid  substance  of  a  greyish  black  co-  ProiMitict. 
lour,  and  possessing  the  metallic  lustre.  Its  smell  is  similar 

to  that  of  chlorine  but  much  stronger.  Its  taste  hot,  and 
acrid,  leaving  a  lasting  impressi9n  on  the  mouth.  Like 
chlorine  it  destroys  vegetable  colours. 

IV.  Iodine  in  the  solid  form  is  nearly  five  times  as  heavy  Spee.  mr. 
as  an  equal  bulk  of  water.  In  a  state  of  vapour  it  is  more  ^^^^ 
than  eight  and  a  half  times  as  heavy  as  atmospheric  air.  Its  u  r«poar 
melting  point  is  at  the  temperature  of  224^^.  ^^^^• 

V.  If  a  piece  of  phosphorus  be  thrown  upon  a  quantity 
of  iodine,  the  two  substances  unite  rapidly  with  the  evolu- 
tiou  of  a  great  deal  of  heat,  but  no  light  is  visible.  The 
compounds  formed  between  iodine  and  combustibles  or 
incombustibles  are  called  iodides.  Iodine  supports  the  com- 
busuon  of  several  of  the  combustibles  as  will  be  seen  here- 
after. 

VI.  Water  dissolves  not  more  than  viAnr^h  P^^  of  its 
weight  of  iodine,  and  acquires  an  orange  yellow  colour,  and 
the  smell  of  iodine,  but  no  taste. 

VII.  Iodine  combines  in   one  proportion   with   oxygen  Combines 
forming  iodic  acid,  and  in  one  proportion  with  chlorine,  \*^\„^^^' 
forming  what  has  been  called  the  chloriodic  acid.  The  con-  dii^ue- 

*  From  i&ti^,  tiolet  eoloared. 

-j-  Keif  ii  aabet  of  ccrtam  tea  pluiti»  whick  are  bncnt  on  Mooant  of  the  eopda 
irbich  they  yield. 
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BookL    sideration  of  these  compounds  will  be  defered  until  the 
i:.  class  of  acids  come  to  be  treated  of. 


Hmoo  VII L  Iodine  has  never  been  applied  to  the  purposes  of 

*>*•■•  medicine.  But  from  the  experiments  of  Orfila,  who  ascer- 

tained it  to  possess  very  active,  and  in  large  doses,  poisonous 
properties,  there  is  reason  to  hope  that  it  may  become 
hereafter  a  very  useful  article  of  the  materia  medica. 


SECTION  IV. 

OF  FLUORINE. 

Fluorine,  I.  This  name  has  been  given  by  Sir  H*  Davy  to  a  sub- 
JJ*^*  stance,  the  existence  of  which  he  has  rendered  very  proba- 
fortibe base ble,  although  the  body  itself  has  never  been  obtained  in  a 
i  s^  "^  separate  state.  It  is  necessary  to  notice  the  reasoningb  upon 
gpm,  which  the  belief  of  its  existence  is  founded  in  this  place; 

as  the  substance,  so  far  as  its  nature  has  been  inferred,  ap- 
pears to  bear  a  close  resemblance  to  the  supporters, 
whiebthera      1 1*  It  is  the  supposed  base^  of  the  acid  of  fluor  spar, 
M  raion    which  it  is  considered  to  form  in  combination  with  hydrogen. 
f^i^ll^.The  facts  which  lead  to  this  opinion  of  the  nature  of  the 
liar  in  iu   add  of  fluor  spar  are  strong  though  not  decisive.  For  ex- 
nntnre.      ample,  if  this  acid,  perfectly  free  from  water,  is  brought  in 
contact  with  potassium  (the  metallic  base  of  the  vegetable 
alkali  potash)  a  violent  action  takes  place,  hydrogen  is 
emitted,  and  a  solid  white  substance  is  formed.  Now  the 
inference  drawn  from  this  experiment  is  that  die  compound 
formed  is  made  up  of  a  constituent  of  the  acid  of  fluor  spar, 
unknown  in  the  separate  state,  and  potassium;  and  that  the 
hydrogen  emitted  had  been  previously  united  to  this  pecu- 
liar radical,  constituting  the  acid.  Several  experiments  of  a 
similar  kind  to  that  above  stated,  have  strengthened  the  sup- 
position that  the  acid  of  fluor  spar  contains  a  radical  of  a 
peculiar  nature;  but  all  attempts  heretofore  made  to  obtain 
it  in  a   separate  state  have  proved  unsuccessful.    These 
facts  are  stated  merely  to  give  the  reader  some  idea  of  what 
is  known  concerning  this  hypothetical  substance. 
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CHAPTER  IL 

OF  UVDCCOMPOUNDED  INCOMBU8TIBLC8. 

All   incombustible  may   be  definedt  a  body   which   is 


of 


capable,  neither  of  m^orting'  combustion,  nor  of  undergo-  J^'JigS 
ing  that  process.  But  one  undecompounded  body,  answer-  Me. 
ing  to  this  definition,  is  known.  It  is  called  azote,  and  vill 
be  described  in  the  following  secticMi. 


SECTION  I. 

OF  AZOTE.' 
•     Mir^^  gat  of  C^K^^^PhiogUHetUed  mr  of  Prieitley. 

I.  This  gas  may  be  obtained  by  the  following  process:  Azote:  kov 
Put  a  mixture  of  iron  filings  and  sulphur,  moistened  by  ^^^'^^'^ 
water,  in  a  small  plate,  under  a  glass  vessel,  containing  air 
and  placed  over  water.  Let  the  apparatus  stand  in  this  state 
for  a  few  days,  and  it  will  be  found  that  part  of  the  air  has 
disappeared,  and  that  the  space,  which  it  had  previously 
occupied,  is  filled  with  water.  The  air  which  remains  is 
azote. 

IL  To  understand  the  above  process,  it  is  necessary  for  Praeew 
the  reader  to  know  that  atmospheric  air  is  composed  of  ^'P'*''*'^ 
the  gas  under  description  and  oxygen*  By  the  exposure  of 
a  portion  of  atmospheric  air  in  close  vessels  to  the  iniuence 
of  a  moistened  mixture  of  iron  filings  and  sulphur,  that  part 
of  it  which  consists  of  oxygen  is  absorbed,  while  its  azotic 
portion  remains  behind. 

IIL  Azotic  gas  was  discovered  jn  1772,  by  Dr.  Ruther- DiMOfwf . 
ford  of  Edinburgh. 

IV.  It  is  a  gaseous  fluid,  having  all  the  mechanical  pro-  Pkupeitiet. 
perties  of  atmospheric  air.  It  has  neither  taste  nor  smell. 

V.  It  is  not  quite  so  heavy  as  atmospheric  air,  compared  Spee.  wtw. 
with  that  gaseous  fluid,  bulk  for  bulk.  <^^'- 

VL  It  is  not  fit  to  carry  on  the  process  of  respiration.  tJnftt  to 
Amaials  forced  to  breathe  4t  die  as  they  would  from  suf-  [^^[^' 
focation*  Neither  is  it  fit  to  support  combustion;  no  com-  or  omiInw- 
boBtible  siibatanoe  wUl  bum  in  it.  ^*^ 


*  From  m  priTiitlTc  of,  tnd  Iwn  life. 
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Book  L  VII.  It  18  scarcely  absorbable  by  water;  unless  this  li- 
DmakMiT.  g^^j  y^^  f^^^j  f^^^  ^1^^  ^^j^  which  it  usually  contains  by  boil- 
ing; in  the  latter  case  it  is  taken  up  in  small  quantity. 
Combines  VIII.  Azote  is  capable  of  uniting  with  oxygen  in  five 
Rcn'iii*?^'  proportions  and  forms  compounds  which  have  received 
propoitioDs  the  following  names: 

1.  Protoxide  of  azote  (nitrous  oiide) 

2.  Deutoxide  of  azote  (nitrous  gas). 

3.  Hyponitrous  acid.* 

4.  Nitrous  acid. 

5.  Nitric  acid  (aqua  fortis). 

The  two  first  named  only  of  these  compounds  will  be 
described  in  this  place;  the  three  last,  having  acid  proper- 
ties, will  be  described  under  the  head  of  acids. 
i.Protoz-        1.  Protoxide  of  azote^  the  dephlogisticatjcd  nitrous  gas 
How^  m»^'  ^^  ^^*  Priestley,  may  be  obtained  by  the  following  pro- 
pped,       cess:    Expose  dry  nitrate  of  ammoniaf  to  the  heat  of  a 
lamp,  in  a  retort  adjusted  to  a  mercurial  trough.   A  gas 
is  immediately  extricated.    This  gas  is  the  protoxide  of 
azote. 
DiwoTeiy.       2.  Protoxide  of  azote  was  discovered  in  1776  by  Dr. 

Priestley. 
8pee.  gray.      3.  It  has  all  the  mechanical  properties  of  atmospheric  air. 
^''^-       It  is  very  little  more  than  one  and  a  half  times  as  heavy 
as  common  air. 
Supporu        4*  It  supports  combustion.  Bodies  burn  in  it  with  nearly 
•om*>"j[^o-  the  same  brilliancy  as  in  oxygen  gas.    When  respired  it 
•«  nosaiar  pn>duce8  Very  extraordinary  effects,  which  have  some  re- 
effecu        semblance   to  those   arising  from   intoxication.    Animals 
J^^^l^^    forced  to  breath  an  atmosphere  composed  of  this  gas,  die 
after  the  lapse  of  some  time. 

5.  It  is  absorbable  by  water.  This  liquid  when  fully  sa- 
turated contains  somewhat  more  than  three-fourths  of  its 
bulk  of  the  gas. 
Compou-        6.  Protoxide  of  azote  is  composed  of 

Azote         14 
Oxygen         8 
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*  The  eharecterifde  termiDation  of  the  name  of  an  aeid  compound,  ia  hi  jc. 
When  lereral  aeid  eompoands  are  formed  from  the  same  ingredients  onited  in 
different  proportiooa,  the  termination  in  ie  dtetiogaiihet  the  name  of  that  one 
which  contains  the  brgest  proportion  of  oxjgent  the  termmation  in  out  is  ap- 
propriated to  the  name  of  the  one  which  eontaini  the  next  largest  quantity.  If  a 
third  acid  compound  formed  of  the  same  in|;redients  exist,  containing  oxygen  ia 
a  still  smaller  proportion,  the  name  hy  which  it  Is  known  ends  in  ous  also,  hut 
is  distinguished  trom  that  of  an  add  eontaining  oxygen  next  in  degree  to  the 
highest,  by  the  prefix  hypOt  deriTed  from  the  Greek  uirs  under. 

t  A  substanec  to  be  described  hereafter. 


AZOTK.  IS 

7.  From  the  rtrj  powerful  effects  produced  by  the  Cba>.  IL 
protoxide  of  azote  when  respired,  there  can  be  little  doubt 
that  it  might  be  used  very  advantageously  in  some  dis- 
eases, by  respiration.  But  although  many  of  the  pneumatic 
medicines  produce  valuable  effects  upon  the  human  consti* 
tution,  yet  their  expensiveness  will  always  prevent  them 
from  coming  into  general  use. 

1.  Deutoxide  of  azote  or  nitrous  gas  may  be  obtained  9.  Deatca- 
by  the  following  process:  Pour  the  aqua  fortis  of  the  shops  j^|^.  y^^^ 
upon  a  quantity  of  copper  filings  placed  in  a  retort.   The  oMained. 
filings  are  rapidly  dissolved,  and  a  gas  is  extricated,  which 

may  be  collected  in  glass  vessels  over  water.  This  gas  is 
deutoxide  of  azote. 

2.  Aqua  fortis  is  composed  of    azote  united   to    theExpima- 
largest  quantity  of  oxygen  with  which  it  is  capable  of  com-  p^J^'*** 
bining:  when  poured  upon  copper  filings,  part  of  its  oxygen 

is  abstracted,  by  combining  with  them,  and  what  remains 
coDtinoing  to  be  united  to  the  azote,  forms  the  gas  in 
question. 

3.  Deutoxide  of  azote  was  accidentally  discovered  by  DoeoTery. 
Dr.  Hales,  but  its  properties  were  first  investigated  by 
Priestley. 

4.  It  is  an  invisible  and  elastic  fluid.  It  is  very  little  ^P^^^J^^- 
heavier  than  atmospheric  air.    It  supports  the  combustion 

of  some  combustibles,  but  not  of  others.  A  lighted  (aper 
introduced  into  it  goes  out;  sulphur  is  also  extinguished 
even  when  introduced  burning  with  a  white  flame;  but  it 
supports  the  combustion  of  phosphorus  with  great  bril- 
liancy. 

5.  When  employed  in  respiration,  it  proves  exceedingly  Nosioas  in 
noxious.  Animals  forced  to  breathe  it  become  immediately  «»pu»t»<»- 
suffocated. 

6.  Water  previously  freed  from  air,  absorbs  about  one- 
tenth  of  its  bulk  of  this  gas.  The  solution  formed  has  no 
taste,  and  is  incapable  of  reddening  vegetable  blues. 

7.  Whenever  the  deutoxide  of  azote  comes  in  contact  Effects  of 
with  atmospheric  air,  the  latter  is  decomposed,  and  the  mix-  '^|^J^^ 
ture  assumes  a  yellow  colour.  The  oxygen  of  the  atmos-  pherie  ur. 
phcric  air  combines  with  the  deutoxide  and  forms  the  acid 

called  nitrous  acid,  which  g^ves  rise  to  the  yellow  colour 
just  mentioned.  If  the  experiment  be  made  in  glass  ves- 
sels over  water,  a  very  considerable  condensation  will  be 
observed;  this  arises  from  the  absorbability  of  the  product 
(nitrous  acid)  by  water.  The  residual  gas  after  the  con- 
densation is  complete  is  azote.  The  same  acid  is  formed 
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Book  t    VfhtTi  the  deuto3tide  of  azote  is  mixed  with  oxygen  gas 
Piviiion  I.  Jq  close  vesstls;  but  in  this  case,  there  is  no  residual  gas. 
Compofi-        8.  Deutoxide  of  azote  is  composed  of 
^^'  Azote  14 

Oxygen  16 

30.-^o  it  appears  that 

this  oxide  of  azote  contains  twice  as  much  oxygen  as  the 

protoxide  last  described* 

Azote,  a         IX»  Azote  in  combination  with  oxygen  gas,  together 

Tauilo*."*  with  moisture  and  a  vcrj'  small  proportion  of  carbonic  acid, 

pherifi  air.  constitutes  the  atmosphere  which  surrounds  the  globe. 

The  atmosphere  will  be  treated  of  hereafter  in  a  separate 
chapter;  it  is  only  mentioned  in  this  place  incidentally,  in 
order  to  complete  the  account  of  the  different  combinations 
of  azote  and  oxygen. 
Chloride  of     ^*  -^^ote  has  the  property  of  combining  with  chlorine, 
asote.         and  forming  a  compound  called  chloride  of  azote. 
How  pre-        !•  This  chloride  may  be  prepared  by  the  following  pro- 
pared,        cess:  Place  a  solution,  not  quite  saturated,  of  nitrate  of 
ammonia  in  a  flat  dish.  Invert  over  it  a  glass  jar  containing 
chlorine*  The  gas  is  slowly  absorbed,  and  there  cbllecta  ort 
the  surface  of  the  solution  an  oily  substance,  which  gra- 
dually  sinks   to   the  bottom:   this   oily  substance  is  the 
chloride  in  question. 
Dueovery.       2.  Chloride  of  azote  was  discovered  in  181^2  by  Dulong. 
Pttnertiet.      ***  '^  '*  *  transparent  liquid,  of  a  colour  very  like  that  of 
olive  oiL   Its  smell  is  strong  and  peculiar.    It  is  extremeljr 
volatile.   When  exposed  to  the  temperature  of  212^,  it 
explodes  with  prodigious  violence.  Great  caution  is  neces- 
sary in  its  preparation,  owing  to  the  last  mentioned  property; 
and,,  when  experimented  upon,  larger  quantities  than  a  grain 
should  not  be  employed. 
Spee.  graT.     4.  Chloride  of  azote  is  somewhat  more  than  one  and 
1.653.     a  half  times  as  heavy  as  water.  It  is  not  capable  of  solution 
in  water;  but  when  it  is  mixed  with  that  liquid,  it  is 
decomposed,  its  chlorine  dissolves,  while  its  azote  is  li- 
berated.—The  composition  of  this  chloride  has  not  been 
exacdy  ascertained* 

XI.  Azote  combines   in  one  proportion   with   iodine, 
azote?        forming  the  compound  called  iodide  of  azote. 
Prepara-         **  '^^*®  iodide  may  be  prepared  by  putting  a  quantity  of 
tjoo.  iodine  in  a  solution  of  ammonia:*  the  iodine  is  converted 


*  Atnmottia  k  the  aabatanee  whieh  eaoMt  the  odour  of  hartthoni.  One  of  its 
conititaenta  it  asote.  It  will  be  deiecibed  hereafter. 
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into   a  blackish   brown   powder,   constituting  the  iodide  Csiv.nt. 
under  consideration.  It  was  discovered  by  Courtois.  • 

2.  It  is  very  volatile;  flying  off  in  vapour,  without  leav-  Proper- 
ing  any  residuum,  when  exposed  to  the  open  air.  It  detonates  ^'^' 
violently  when  heated,  or  even  when  slightly  touched,  and 
azote  and  iodine  are  formed*  The  proportion  in  which  its 
constituents  are  united  is  not  ascertained. 

XII.  The  foregoing  are  all  the  compounds  which  azote 
is  capable  of  forming  with  the  substances  already  described; 
its  combination  with  other  substances  will  be  mentioned 
under  the  heads  of  such  substances  respectively. 

XIII.  Azote  has  never  been  applied  to  any  medical  or  Aiote  it 
economical  use.  ^j^  *® 


CHAPTER  III. 


OF  UNDECOMPOUNDEn  COMBUSTIBLES. 


Bt  combustibles  are  meant,  bodies  whose  combination  Deflnitkm 
with  supporters  is  attended  by  the  emission  of  sensible  light  f[jL|?|"'' 
and  heat.  .  In  the  present  chapter  it  is  proposed  to  treat  of 
those  bodies  answering  to  this  definition,  which  have  never 
been  resolved  into  simpler  constituents. 

The  undecompounded  combustibles  will  be  divided  into  Undeooa- 
four  classes,  eharacterized  as  follows:  pouoded 

I.  Undecompounded  combustibles  which  act  the  part  of  ^^sdiTided 
an  acidifying  body.  Combustibles  of  this  class  will  be  called  into 
acidifying'  comhustibles.    At  present  there  is  but  one  body  l^^^^J' 
known  belonging  to  this  class;  it  is  called  hydrogen.  busuUei. 

II.  Undecompounded  combustibles  which  are  capable  of  ^  AekKfia^ 
forming  acids,  but  not  salifiable  bases,  by  combining  with  tiu^^' 
oxygen.  Combustibles  of  this  class  are,  1.  Carbon;  2.  Boron; 

3.  Phosphorus;  4.  Sulphur;  5«  Arsenic;  6.  Chromium;  7* 
Molybdenum;  8.  Tungsten;  9.  Columbium;  10.  Selenium. 
These  will  be  called  avidijiable  combustibles. 

III.  Undecompounded  combustibles,  which  form  com-  d.  Intemck 
pounds  with  oxygen,  capable  of  performing  the  part  ofjijjjjjj^* 
acids  or  salifiable  bases,  under  different  circumstances,  in 

the  formation  of  neutral  salts.  These  are,  1»  Antimony; 
2.  Tellurium.  These  bodies  will  be  called  intermediate 
combustibles. 

IV.  Undecompounded  combustibles  which  form  salifiable 

bases,  but  in  no  instance  acids,  by  combining  with  oxygt^n^ 

Such  combustibles  will  be  distinguished  by  the  name  basi^ 

G 
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B9QII  I.  fabk^  cemiustiblfs*  This  dtiM  will  be  divided  into  three 

Py'^"^-  sub-classes. 

4.BMiAft-  U  Combustibles  forming,  with  oxygen,  salifiable  bases 
^J^^jp™:  which  have  alkaline  properties*  These  will  be  called  oA- 
whieh  kind  kalifiabk  ccmhutibles:  they  are,  !•  Potassium;  3.  Sodium; 
an  diyided  3,  £,ithium;  4.  Calcium;  5.  Barium;  6.  Strontium;  7.  Mag- 

m  three 
tab.<»lMwt.  nesium. 

2*  Combustibles  forming,  with  oxygen,  salifiable  bases, 
which  have  earthy  properties:  these  are,  1.  Yttrium;  2* 
Glucinum;  3»  Aluminum;  4»  Zirconium;  $.  Thorinum; 
€•  Silicum. 

3.  Combustibles  forming,  with  oxygen,  salifiable  bases, 
which  have  neither  alkaline  nor  earthy  properties:  these  are^ 
1.  Iron;  2*  Nickel;  3.  Cobalt;  4.  Manganese;  5.  Cerium; 
6.  Uranium;  T.  Zinc;  6.  Lead;  9.  Tin;  10.  Copper;  11.  dis* 
muth;  12.  Mercury;  13.  Silver;  14.  Gold;  15.  Platinum; 
16.  Palladium;  17*  Rhodium^  18.  Iridium;  19.  Osmium; 
20.  Titanium. 


CLASS   I. 

OF  JCIDJVriN'O  C0MBUBTIBLE8. 

Aeidifying       This  class  of  undccompounded  combustibles  will  be 
oombnsti-    completed  by  the  account  of  hydrogen  in  the  following 
section. 

SECTION  I. 

OF  BTD]IOGEN,t 
(IWmerlj  etlM  lAght  In^ammable  Mr,) 

Hydrogm;  I.  Htdrogew  may  be  obtained  by  the  IbMowtng  process: 
J2^  Put  one  part  of  iron  filings  in  a  retort,  having  an  opening 
in  its  upper  and  convex  part,  just  over  the  containing 
cavity:  such  a  retort  is  called  tubulated  by  chemists.  Pour 
upon  the  filings  two  parts  of  oil  of  vitriol,  previously 
diluted  with  four  times  its  bulk  of  water,  through  the 
opening  just  described,  and  then  dose  it«  A  quantity  of  air 
immediately  rushes  out  of  the  mouth  of  the  retort;  but 
being   impure  by  admixture  of   atmospheric  air,   must 

*  I  make  no  apolGCT  for  forminK  tbit  ai^ljoetife  to  distingmth  thii  «bii  of 
•omlNiMiUei.  It  b  iiimcient  for  my  ponoM  Uiit  il  expretm  jtrj  ▼ell  the 
idee  ietcnded  to  be  eonTeved,  end  Mtpenedee  Um  amwity  oCeiovuteotioe. 

t  From  iioi  v«kr,  ud  ytynfuu  to  (eiientei 
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sot  he  eoUtfCted  fer  seme  moments*  At  soon  as  Ais  kspure  Okir.in. 
tir  has  passed  out,  adapt  the  retort  to  the  pneumatic  ^spft- 
Tfttus,  and  cottect  the  gaseous  product  in  jars  over  water* 
The  psoduct  is  hydrogen  gas. 

.II.  In  explaining  this  process,  it  is  necessary  to  inform 
Ae  reader,  that  water  is  composed  of  oxygen  and  hydrogen  P**^***- 
chemicaUy  combined.  Now  the  water  widi  which  the  oil  of 
vitriol  is  diluted  is  decomposed;  its  oxygen  unites  with  the 
iron  and  forms  an  oxide,  while  its  hydrogen  is  evolved* 

III.  Some  of  the  properties  of  this  gas  were  noticed  in  DlMNfiSfy^ 
the  last,  and  even  in  the  seventeenth,  century;  but  very 

litde  was  known  respecting  its  nature,  before  Cavendisli 
distinguished  it  from  atmospheric  air,  and  noted  most  of 
Its  properties* 

IV.  Hydrogen  gas  is  an  invisible  and  elastic  fluid,  like  Prapar- 
common  air.  When  perfecdy  pure,  it  is  destitute  of  smelL    ^^' 

y.  It  is  the  lightest  body  at  present  known;  it  is  ai>out  9pMt  g*s«. 
one-fourteenth  as  heavy  as  common  air.  '^^ 

VI.  It  does  not  support  combustion.  All  bulging  bodies 
are  extinguished  when  plunged  inio  it* 

VII.  Respiration  cannot  be  carried  on  by  its  means,  and  b  unfit 
Animals  forced  to  breathe  it  expire  as  they  would  fromS^'^P^' 
suffocation. 

VIII.  Hydrogen  is  not  sensibly  absorbed  by  water, 
unless  this  liquid  be  previously  freed  from  air  by  boiling. 

IX.  If  a  lighted  taper  be  brought  to  the  mouth  of  a  phial  How  it 
containing  hydrogen,  it  takes  fire,  and  bums,  when  pure,  '^"'^^ 
with  a  yellowish  white  flame. 

X.  Hydrogen  unites  with  oxygen  in  one  proportion  only,  CombiMs 
and  forms  the  compound  called  water.  The  combination  is  ^^^^^ 
always  attended  by  combustion;  and  the  heat  produced  is  proportiim 
more  intense  than  that  generated  by  any  other  substance  ^^y>  *°^ 
while  undergoing  the  same  process.  Taking  advantage  often    ^  ' 
this  fact.  Dr.  Hare,  of  this  city,  many  years  ago,  contrived 

an  instrument  which  enables  the  experimental  chemist  to 
avail  himself,  in  his  researches,  of  the  intense  heat  thus  ge* 
nerated.  This  instrument  has  since  been  employed  in  Great 
Britain  without  acknowledgment. 

Water  is  too .  important  a  compound  to  be  cursorily 
described  under  the  head  of  hydrogen:  it  will  therefore  be 
considered  hereafter  in  a  separate  chapter.  It  is  proper, 
however,  to  notice  the  proportion  in  which  its  constituents 
combine.  It  is  composed  of 

Hydrogen  1 

Oxygen  8 

9 
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Book  I.  XI*  Hydrogen  combines  in  one  proportion  only 
^^'^*''^  ^  chlorine,  and  forms  the  marine  acid,  or,  as  it  is  generally 
with  ehio-  called,  mtirfo^fc  ocf^.  The  compound  deserved  very  particu- 
propmiira^^^  attention,  and  will  be  treated  of  hereafter,  under  the 
only,  form-  name  of  hydrochloric  acid* 

^orio^*'^     XII*  It  combines  also  in  one  proportion  with  iodine,  and 

add:  forms  an  acid  called  hydriodic  acid.  This  compound  will  be 

dbeTlf^  noticed  hereafter,  under  the  head  of  acids. 

proportion,      XIII.  By  the  hypothetical  composition  of  the  acid  of 

nrmanghy-fluor  spar,  as  has  been  already  mentioned,  hydrofiK:n  is  con- 

sidered  as  one  of  its  constituents,  existing  m  a  sUte  ot 

combination  with  a  peculiar  substance,  proposed  to  be  called 

fluorine.  Although  the  composition  of  this  acid  is  involved 

in  great  doubt,  yet  the  compound  itself  is  of  considerable 

importance,  and  will  be  described  hereafter  under  the  name 

of  htfdro/luoric  add* 

Cpmbbet        XIV.  Hydrogen  combines  in  one  proportion  only  with 

ll^^'^  azote,   and  forms  the   compound  called  ammonia.    It  is 

nordon  on- usually  distinguished  by  the  names  of  hartshorn  and  vola- 

2^^2J2JJ*  tile  alkali.  It  will  receive  a  separate  consideration  hereafter. 


CLASS    II. 

JiCWIFLiBLB  COMBUSTIBLES. 

A«»fi^e       The  acidifiable  combustibles  are:  1.  Carbon;  2.  Boron; 
biti.      '    3-  Phosphorus;  4.  Sulphur;    5.  Arsenic;  6.  Chromium;  7. 

Molybdenum;  8.  Tungsten;  9.  Columbium;  10.  Selenium. 

These  bodies  will  be  noticed  in  the  ten  following  sections. 

SECTION  I. 

OF  CARBON, 

(Common  name  Charcoal) 

^'^^^       I-  Charcoal  may  be  obtained  in  the  following  manner: 

edT        '  Expose  a  piece  of  wood  placed  in  a  crucible*  and  covered 

with  sand,  to  a  red  heat  for  some  time.  The  wood  will  be 

converted  into  the  substance  called  charcoal* 

^^  Y^       II.  Charcoal  is  prepared,  to  be  used  in  the  arts,  in  the 

&e  artT^    following  manner:  A  number  of  billets  of  wood,  stripped  of 

their  bark,  and  about  four  feet  long  and  five  or  six  inches 

thick,  are  piled  on  their  ends  in  a  conical  form.  The  pile  is 

then  covered  with  clay,  except  at  certain  places,  through 

*  A  pot  msde  of  black  lead  or  eartb,  in  whieh  fiuioDS  are  generally  msdc- 
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which  the  fire  is  applied.    The  pile  smokes  in  consequence  CeA>.nL 
of  the  slow  combustion  which  is   going  on;  and  in  two  or 
three  days  it  is  uncovered,  and  the  charcoal  raked  out  of 
the  ashes. 

III.  Charcoal  is  a  black  shining  brittle  substance,  some-  Properties, 
what  sonorous  when  struck;  and  when  pure,  destitute  of 

taste  or  smelL  It  is  insoluble  in  water,  and  infusible  in  the 
highest  heats  that  can  be  raised,  it  is  somewhat  less  than  Spee.  gmr. 
half  as  heavy  as  water.  ^****- 

IV.  The  diamond  chemically  c<msidcred  is  nearly  theChemioaiiy 
same  as  charcoal.  It  is  the  hardest  and  most  splendent  of  ^^"^ 
the  precious  stones.    It  has  heretofore  been  found  only  in  dkmond. 
India  and  Brazil.  At  a  mean,  it  is  about  three  and  a  half 

times  as  heavy  as  water. 

V.  When  heated  to  the  temperature  of  8Q0^  in  the  open  Qoriog 
air,  charcoal  combines  rapidly  with  oi^gen;  the  chemical  ^"^j"^ 
action  being  attended  by  all  the  phenomena  of  combustion,  with  ozy- 
The  product  is  a  gaseous  acid,  which  is  called  carbonic  acid*  g^°* 

It  will  be  noticed  hereafter,  under  the  head  of  acids.  daetflwr- 

VI.  Besides  carbonic  acid,  charcoal  forms  another  com*  ixn>o  •"^ 
pound  with  oxygen.  It  is  in  the  gaseous  form  also,  and  is  ^?^?^ 

II   J  L      '         *j  With* leu 

called  carboruc  oxtde.  a<Me  of 

1.  Carbonic  oxide  may  be  obtained  in  the  following  man-  ^Jti^^» 
ner:  Expose  a  mixture  of  equal  parts  of  iron   filings  and  ^^^"^ 
chalk,  made  as  dry  as  possible,  in  an  iron  retort,  to  a  red  oxide: 
heat.  A  great  quantity  of  gas  is  extricated.  Agitate  the 
gaseous  product  with  lime-water,  which  absorbs  a  part  of 

it:  the  residue  is  carbonic  oxide. 

2.  In  explaining  this  process,  it  is  necessary  to  inform 
the  reader,  that  chalk  is  a  compound  of  carbonic  acid  and 
lime.  Now  carbonic  oxide  contains  less  oxygen  than  car- 
bonic acid.  In  consequence  of  the  heat  to  which  the  mixture 
is  exposed,  the  filings  are  capable  of  abstracting  a  portion 
of  oxygen  from  the  carbonic  acid  of  the  chalk;  whereby  the 
acid  is  reduced  to  the  state  of  carbonic  oxide.  The  oxide, 
however,  is  not  extricated  pure  by  the  above  process;  it 
always  has  mixed  with  it  a  portion  of  carbonic  acid.  This 
is  removed  by  the  agitation  with  lime-water,  by  which  it 
is  absorbed. 

3.  Dr..  Priestley  was  the  first  chemist  who  distinguished  DlMoreiy. 
carbonic  oxide  as  a  peculiar  gas;  but  Cruickshanks  first 
ascertained  its  real  composition. 

4.  Carbonic  oxide  is  an  invisible  and  elastic  fluid  like  Propertiei. 
atmospheric  air;  and  very  nearly  of  the  same  weight.  spee.  gnt. 

5.  It  is  capable  of  undergoing  combustion.    When  set     O'^^^ 
on  fire,  it  bums  with  a  lambent  blue  flame,  emitting  very 
little  light*    During  the  combustion  it  combines  with  an 
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Book  f.   ftdditioiial  dose  of  oiygeo,  and  the  product  is  carbonic 

DiyiiioD  I.  gcid. 

Unfit  to  be     6«  It  IS  Unfit  for  supporting  respiration*  Animals  placed 
i^cnure*!*     in  an  atmosphere   of  this   gas,  drop   down  dead  almost 

instandy. 
Combines        7.  Carbonic  oxide  has  the  property  of  combining  with 
'''^^mt^  chlorine,  and  forms  a  compound,  having  acid  properties. 
fbrmiMi     It  will  be  described  hereafter  under  the  name  of  chlorO' 
•cid.  carbonic  acid* 

Forma  a  &•  Carbonic  oxide  is  capable  of  forming  a  gaseous  com* 

gueout      pound  with  hydrogen*   This  gas  was  lately  discovered  by 
wiS,^'  Dr.  Thomson  while  experimlnting  upon  the  ferrocyua^ 
drogen.      of  potash,  commonly  called  triple  prussiate  of  potash.    It 
IS  formed  by  the  action  of  oil  of  vitriol  upon  the  above  men- 
tioned  substance  by  the  assistance  of  heat.  It  has  a  peculiar, 
but  not  a  disagreeable  smell,  and  an  aromatic  taste,  attended 
by  a  hot  impression  upon  the  mouth,  which  continues  for 
some  time.  It  is  not  absorbable  by  water.   It  bums  readily, 
when  brought  in  contact  with  a  candle,  with  a  deep  blue 
flame.  It  is  very  little  lighter  than  atmospheric  air.* 
ftepo^        9t  Carbonic  oxide  is  composed  of 
tkm.  Carbon  6 

Oxygen         8 

14 

Carbon  VII.  Carbon  combines  with  azote  and  forms  the  com- 

eombinei    pound  called  cyanogen. 

and  forms       ^*.  Cyanogen  may  be  obtained  by  exposing  the  substance 
•yanogen:   usudly  Called  prussiatc  of  mercury,!  in  a  dry  state,  to  a 
how  obtain-  ^^^  nAkCT  under  redness,  in  a  small  retort.    It  blackens, 
and  a  gas  is  extricated  which  must  be  collected  over  mer- 
cury. This  gas  is  cyanogen. 
ZKMOfery.       2.  Cyanogen  was  discovered  in  1815,  by  Gay  Lussae. 
Properties.     3*  It  is  an  invisible  and  elastic  fluid  like  common  air. 
Its  smell  is  peculiar,  strong  and  disagreeable.  It  is  about 
Spee.  grav.  one  and  four*fifth  times  as  heavy  as  common  air. 
^^    '         4.  Although  a  compound  of  an  incombustible  and  a  com« 
porter  7ndl>^tible,  this  gas  is  nevertheless  a  supporter  of  combus- 
aeombosti- tion.    It  supports  the  combustion  of  potassium.    On  the 
other  hand  it  is  a  combustible.  The  products  of  its  com- 
bustion are  carbonic  acid  and  azote. 

5.  It  possesses  the  singular  property  of  combining 


*  See  a  paper  bj  Dr.  ThomstB,  m  triple  pnusiate  «f  pttadi.  Anaab  of 
t  This  Bubstaaoe  vill  be  notieed  hereafter. 
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several  combustiblea,  and  even  with  some  saiifiabie  bases,  Chaf.  dl 
witbout  undergoing  decomposition.  These  compounds,  when  fo.  tn  eya- 
they  do  not  possess  acid  properties,  are  called  cyanodides.  nodidM. 
Some  of  diem  will  be  noticed  hereafter. 
6.  Cyanogen  b  composed  of 

Carbon         12 
Azote  14 

26 

VIII*  Carbon  combines  with  hydrogen  in  two  propor-  CarboD 
dons,  and  forms  compounds,  which  have  been  named  by  ^^'^^^  ^^ 
Dr.  Thomson  hydroguret  of  carbon  and  bihydroguret  of  ^^^^!S^ 
carbon.  •  8*»* 

1.  Hydroguret  of  carbon,  formerly  called  olefiant  gas,  i.  Hydro- 
may  be  obtained  by  appl}-ing  the  heat  of  a  lamp  to  a  mix-  ^^^ 
tnre  of  four  parts  of  oil  of  vitriol  and  one  part  of  strong 
spirit  of  wine:   the  gas  in  question  is  immediately  disen* 
gaged,  and  may  be  collected  in  jars  over  water. 

2*  This  gas  was  discovered  in  ir96,  by  the  associated  DiseoToy. 
Dutch  chemists. 

3.  It  is  an  invisible  and  elastic  fluid,  destitute  of  taste  or  Tn^mim, 
smelL    It  is  very  little  lighter  than  common  air.  It  bums  Speo.  mr. 
widi  splendour,  the  products  being  carbonic  acid  and  water.    <^7^- 
It  is  absorbable  by  water,  which  liquid   when  saturated 
coatains  one-tenth  of  its  bulk  of  the  gas. 

4w  Hydroguret  of  carbon  combines  with  chlorine,  and  ComluDM 
forms  a  compound  which  Dr»  Thomson  proposes  to  call  ^^  ^^^ 
chkric  ether*  It  may  be  obuiaed  by  makii^  a  current  of  inrohioric 
the  two  gases  meet  in  a  large  glass  receiver.    A  chemical  ^^' 
iiaion  immediately  ukes  place,  and  the  compound  in  ques- 
Ucm  collects  at  the  bottom  of  tlie  receiver*  It  is  a  limpid 
and  colourless  liquid  like  water,  possessing  a  peculiar  sharp 
sweetish  agreeable  taste,  and  in  smell  resemUiag  the  ether 
formed  from  hydrochloric  acid  (viarine  acid).  It  is  a  little  Speajm?'  * 
more  than  one  and  one-fifth  times  as  heavy  as  water.  It    ^'^^• 
bums  with  a  green  flame,  vapours  of  hydrochloric  acid 
(marine  acid  or  muriatic  acid)  being  formed,  together  with 
much  soot.  When  passed  through  a  red  hot  porcelain  tube 
it  is  decomposed  into  hydrochloric  acid,  and  a  gas  com- 
posed of  hydrogen  and  carbon;  while  charcoal  n  depo- 
sited. 

5.  Hydroguret  of  carbon  is  composed  of  CompcMi- 

CarboD  6  ^^ 

Hydrogen         1  i*cft. 
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Book  I.        1*  Bihydroguret  of  carbon,  usually  called  carburetted  hy^ 
IMviaion  I.  rirnggtij  may  be  obtained  in  the  following  manner:  Attach 
*•  £j?I-^^"*'  a  piece  of  wood  to  an  inverted  glass  jar  in  such  a  way  as 
Stainedr^  to  causc  it  to  float  On  water  with  its  mouth  a  little  below 
the  surface;  being  at  the  same  time  filled  with  water*  Place 
the  glass  jar  thus  prepared  upon  the  surface  of  a  stagnant 
pond,  and  stir  up  the  mud  at  the  bottom,  just  under  its 
mouth;  a  number  of  air  bubbles  will  ascend  into  the  jar  and 
displace  the  water.  This  gas,  after  being  washed  with  lime- 
water  to  separate  carbonic  acid,  is  pure  bihydroguret  of 
carbon. 
The  nme       2.  Bihydroguret  of  carbon  is  the  gas  which  forms  incoal- 
Mthefire-  mines,  distinguished  by  the  name  of  fire-damp,  and  which 
has  occasioned  such  fatal  consequences  to  miners  by  its 
explosions. 
Spec.  g»T.      3.  Bihydroguret  of  carbon  is  an  invisible  and    elasdc 
0-555.     fluid,  destitute  of  taste  or  smell.   It  is  somewhat  more  than 
half  as  heavy  as  common  air.   When  set  on  fire,  it  bums 
with  a  yellow  flame;  the  products  of  the  combustion  are 
water  and  carbonic  acid. 
Gompoii-        4.  It  is  composed  of 
**«•  Carbon  6 

Hydrogen      2 

8— .so  that  it  appears  that 
this  gas  contains  twice  as  much  hydrogen  as  the  simple 
hydroguret;  and  hence  the  reason  that  it  is  distinguished 
from  the  latter  by  the  prefix  M,  contracted  from  the  Latin 
word  Aitf,  twice.  * 

Nature  of  IX.  The  inflammable  gases,  which  are  obtained  by  the 
J^^-  distillation  of  moist  charcoal,  pit-coal,  or  wood,  are  found 
gu.  ^  to  be  mixtures,  in  different  proportions,  of  hydrogen,  hydro- 
guret and  bihydroguret  of  carbon,  and  carbonic  oxide. 
From  the  constituents  of  these  gases  varying  continually, 
according  to  the  substances  from  which  the  distillation  is 
made,  the  degree  of  heat,  and  the  stage  of  the  process  at 
which  they  may  be  collected,  there  is  reason  to  believe  that 
none  of  them  are  chemical  compounds,  but  chemical  mix- 
tures only. 

X.  The  gas  obtained  from  pit-coal  and  from  tar  is  now 
employed  both  in  Europe  and  America  for  the  purposes  of 
illumination.  Dr.  Thomson  ascribes  the  merit  of  the  sug- 
gestion of  gas-lighting  to  Mr.  Murdoch  of  Birmingham. 
The  gas  from  pit-coal  is  found  to  be  a  compound  of  hy- 
droguret and  bihydroguret  of  carbon  mixed  with  carbonic 
oxide« 


XI*  Qunrcod  has  beem  u«ed  with  several  viewe  io  medi-  Qum.ul 
cine«  At  one  tiine  it  wm  given  tncernaUy  u  coaauoiptiQii  as  Medicsi 
a  deosidiziiig  reiaedy,  under  the  ioflueiicf  of  the  theory,  eiur^ 
tkat  this  disease  depended  upoQ  the  siipero^ygeDatioQ  of  the 
Mood.   It  has  been  recoosmeDded  very  highly  for  the  cufie 
of  intermittent  fever.  Its  antiseptic  powers  make  it  a  proper 
ingredient  in  poakices  for  gangrene,  and  sloughing  or  fetid 
ulcers*  The  same  power  renders  it  one  of  tfie  hcst  tooth 
powders  that  can  be  used,  more  espeeiaUy  for  oarions  tettb* 
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I.  BoroD  fnay   be  obtained   by  the  foHowing  process:  Botod; 
Expose  equal  parts  of  boracic  acid,*  obtained  as  pure  asJ?J^ 
possible,  and  potassium,  placed   alternately   in  a  copper 
tube,  for  some  minntts,  to  an  obscure  red  heat,  in  a  small 
finnace.    Upon  withdrawing  the  heat,  there  is  found  in  the 
tube  an  earthy  looking  matter,  which  must  be  treated  with   * 
water,  until  every  thing  soluble  be  taken  up:  the  residue, 
after  being  washed  repeatedly,  until  the  water  comes  off 
unaltered,  is  to  be  dried  in  a  capsule  at  a  moderate  heat: 

it  is  now  pure  boron. 

II.  Boracic  acid  is  a  compound  of  the  substance  under  Ezpkna- 
description  and  oxygen.  '  Potassium  is  an  ingredient  in  the  ^^^^^ 
vegetable  alkali  potash,  and  is  found  to  have  a  very  strong 
tendency  to  combine  with  oxygen.  Now  this  substance  com- 
bines with  the  oxygen  of  part  of  the  boracic  acid,  and  be- 
comes converted  into  pure  potash;  while  the  peculiar  sub- 
stance called  boron  is  liberated  from  combination*   Part  of 

the  potash  formed  remains  pure,  and  part  combines  with  the 
boracic  acid  not  yet  decomposed,  forming  the  compound 
called  borate  of  potash.  Upon  washing  the  product,  these 
latter  substances,  being  soluble,  are  removed;  and  what  re- 
mains when  dried  is  pure  boron. 

III.  Although  Sir  H.  Davy  had  reason  to  believe  that  DiMorerj. 
he  had  decomposed  the  boracic  acid,  when  he  exposed  it  lo 

the  action  of  galvanic  electricity  in  1807;  yet  the  discovery 
of  boron  belongs  to  Gay-Lussac  and  Thenard,  who  were 
the  first  chemists  who  put  its  existence  beyond  doubt,  by- 
decomposing  boracic  acid,  and  afterwards  recomposing  it 
from  its  constituents. 


*  BoTMM  Mid  it  a  war  labsttfiee  obtiiiaed  hf  deconixMing  boms. 
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ACIDIFIABLE  COMBUSTIBLES. 

IV*  Boron  is  a  brownish-green  solid,  destitute  of 
taste,  and  producing  no  effect  upon  vegetable  blues.  It  is 
infusible  and  not  volatilizable  at  a  very  intense  heat*  It  is 
insoluble  in  water,  alcohol  (strong  spirit  of  wine),  ether  or 
the  oils,  whether  hot  or  cold.  Its  specific  gravi^  has  not 
been  accurately  ascertained. 

V.  Upon  exposure  to  a  cherry  red  heat  in  the  open  air, 
boron  takes  fire,  and  bums  for  some  time.  Its  surface,  by 
die  absorption  of  oxygen,  is  converted  into  boracic  acid, 
which  vitrifies  by  the  heat,  and  thereby  puts  a  stop  to  the 
combustion.  The  crust  of  acid  thus  formed  may  be  dissolv- 
ed off,  and  what  remains  is  boron,  not  yet  acted  upon.  By 
alternate  combustions  and  solutions,  the  whole  of  the  boron 
may  be  converted  into  boracic  acid.  From  this  statement 
the  inference  may  be  drawn,  that  boron,  during  combustion, 
combines  with  oxygen  and  forms  boracic  acid.  The  account 
of  this  acid  will  be  deferred  undl  the  class  of  acids  come 
under  consideration. 

VI.  According  to  Gay*Lussac  and  Thenard,  boron  does 
not  bum  in  perfectly  dry  chlorine;  but  according  to  Sir  H. 
Davy,  it  bums  in  this  supporter  with  a  brilliant  white 
flame. 

VII*  Boron  combines  with  the  radical  of  the  acid  of  fluor 
spar,  or  fluorine,  and  forms  an  acid  compound,  which  will 
be  treated  of  under  the  head  of  acids* 


SECTION  III. 


Phofpho- 
ms;  ho«r 
{ibtained. 


OP  PUOSPUORU8. 

I.  PhosphoruH  may  be  obtained  by  the  following  process: 
Mix  100  parts  of  calcined  or  burnt  bones,  reduced  to  fine 
powder,  and  diluted  with  four  times  their  weight  of  water, 
with  40  parts  of  oil  of  vitriol,  in  a  porcelain  or  stoneware 
basin:  the  mixture  grows  hot,  and  a  number  of  air-bubbles 
escape.  Stir  the  mixture  occasionally,  and  at  the  end  of 
twenty-four  hours,  pass  it  through  a  filter  of  linen  cloth* 
Calcined  bones  are  composed  of  a  sour  compound  (consist- 
ing of  phosphorus  and  oxygen,  and  called  phosphoric  acid) 
united  with  lime.  The  oil  of  vitriol,  by  its  action,  has  the  ef- 
fect of  detaching  from  combination  with  the  phosphoric  acid, 
nearly  all  the  lime;  with  which  it  forms  a  compound, 
which  renders  the  mixture  turbid,  it  being  of  an  insoluble 
nature.  By  throwing  the  whole  upon  a  linen  filter,  the 
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iaaolttble  cdmpoand  is  retained,  while  a  transparent  liquid,  Ciaf.hi. 
consisting  of  phosphoric  acid  combined  with  a  small  portion  ~ 

of  lime  and  dissolved  in  water,  passes  through.  The  next 
step  in  the  process  is  to  add  gradually  to  the  liquid  thus 
obtained,  a  solution  of  the  nitrate  of  lead  (a  compound  of 
nitric  acid  (aqua  fortis)  and  oxide  of  lead)  as  long  as  any 
white  powder  b  thrown  down:  the  consequence  of  this  ad- 
dition is,  that  the  nitric  acid  combines  with  the  lime,  which 
It  holds  in  solution;  while  the  exide  of  lead  unites  with  the 
phosphoric  acid,  and  falls  in  the  form  of  an  insoluble 
powder.  This  insoluble  compound  of  phosphoric  acid  and 
oxide  of  lead,  called  by  the  chemists  phosphate  of  iead^ 
must  be  separated  by  the  filter,  washed,  and  dried.  Then 
mix  it  with  one«eighth  of  its  weight  of  charcoal  powder, 
and  expose  it  gradually,  by  means  of  a  furnace,  to  a  white 
heat  in  an  earthenware  retort,  whose  beak  is  plunged  under 
irater.  For  some  time  bubbles  of  air,  which  occasionally 
inflame,  break  from  the  surface  of  the  water;  at  a  particu- 
lar temperature,  the  phosphate  of  lead  becomes  decomposed; 
the  charcoal  abstracts  all  the  oxygen  which  it  contains,  and 
flies  off  in  the  form  of  carbonic  acid;*  so  that  nothing  is  left 
but  lead  and  phosphorus.  The  lead  remains  in  the  retort  in* 
a  state  of  fusion,  while  the  phosphorus  is  driven  forward 
in  the  state  of  vapour,  and  drops  from  its  beak  into  the 
water. 

II.  Phosphorus  was  accidentally  discovered  by  Brandt,  a  lu  diteorc- 
chemist  of  Hamburgh,  in  1669,  while  attempting  to  extract  H  *^^ 
from  human  urine  a  substance  capable  of  converting  silver  ^^^' 
into  gold.   In  1674,  it  was  again  discovered  by  Kunkle,  a 
German  chemist,  although  all  he  knew  of  Brandt's  process 
was  the  animal  fluid  which  was  employed  in  it. 

Boyle,  by  his  own  account,  also  discovered  phosphorus, 
and  communicated  his  process  to  his  assistant,  Godfrey 
Hankwitz,  a  London  apothecary,  who  continued  for  many 
years  to  supply  all  Europe  with  this  substance. 

In  1737,  a  person  appeared  in  Paris  who  asserted  that  he 
could  make  phosphorus.  Several  members  of  the  French 
academy  witnessed  his  process,  for  communicating  which 
he  was  rewarded  by  the  French  government.  It  was  a  very 
tedious  one,  consisting  in  evaporating  putrid  urine,  and 
produced  only  small  quantities  of  phosphorus  at  a  time. 

Soon  after  this  period,  Margraff  published  a  more  expe- 
ditious process  for  obtaining  phosphorus,  which  consisted 
in  mixing  inspissated  urine  widi  a  salt  of  lead*  In  this  way 


*  The  reader  b  freenined  to  know  the  eonttitoenti  of  eariMsie  Mtid,  they 
bariog  been  gires  nnder  the  head  of  Chareoali  p.  21. 
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Book  I.  ht  ptoirtA  thtf  ttrioe  eoticained  ft  tubstance,  wMch^  lAmt 
P^^"^"  ^'  mixed  with  charcoal,  pKidaced  phosphonis. 
Exitti  iQ  The  next  step  in  the  tnvestigatiofD  of  phosphorus  was  the 
^^^  discovery  of  its  existence  in  bones,  made  by  Gahn.  This 
was  followed  by  Scheele*s  inventing  a  process  by  which 
phosphorus  might  be  obtained  from  these  animal  substances* 
Proper*  •  III.  Phosphorus  is  a  white  substancs;  and,  when  per- 
^^  fecdy  pure,  is  transparent  and  nearly  colourless;  but    as 

usually  procured,  it  is  of  a  bright  amber  colour,  and  semi* 
transparent*  After  having  been  kept  for  some  time  under 
water,  it  assumes  the  appearance  of  white  wax.   When 
heated  to  the  temperature  of  148*,  it  takes  fire,  burning 
with  a  very  bright  flame.    By  combustion  in  atmospheric 
air  or  oxygen  gas,  it  is  converted  into  an  acid  compound 
called  phosphoric  acid.   By  mere  exposure  to  die  air,  it 
undergoes  a  kind  of  slow  combustion;  and  an  acid  com* 
pound  is  formed,  which  is  now  generally  considered  to  be  a 
mixture  of  phosphoric  acid,  and  another  acid  of  phos* 
phorus  called  phosphorous  acid. 
Spee.  sreT.      IV.  Phosphorus  is  a  little  more  than  one  and  three-fourth 
1*^0.     times  as  heavy  as  water.  Its  melting  point  is  at  the  tempe- 
rature of  106^.   When  air  is  excluded,  it  evaporates  at  219% 
and  boils  at  554P* 
Gorobinei       V.  Phosphorus  combines  with  oxygen  in  four  propor- 
with  m-    tions,  and  forms  compounds  which  are  distinguished  by  the 

0611  in  lour  f  %%       • 

propor-      following  names: 

tiont.  Oxide  of  phoaphorus. 

Hypophosphorous  acid. 
Phosphorous  acid. 
Phosphoric  acid. 
The  three  last  mentioned  compounds  being  acids,  their 
description  will  be  deferred  until  the  class  of  acids  come  to 
be  treated  of.    The  oxide  of  phosphorus  will  be  noticed  in 
this  place. 
Qnde  of         1*  Oxide  of  phosphorus  may  be  obtained  in  the  following 
phosDho.    manner:  Expose  a  small  quantity  of  phosphorus  to  the  heat 
^iloc?    <*f  boiling  water  in  a  long  narrow  tube;  a  white  vapour 
arises,  and  condenses  on  the  inside  of  the  tube:  this  consti- 
tutes the  oxide  m  question.   It  contains  less  oxygen  than 
the  acid  compounds  of  phosphorus  and  oxygen:  its  properties 
have  not  been  ascertained. 
Photphonu     VL  Phosphorus  combines  in  two  proportions  with  chlo- 
miipoQnds  ""*^»  "^^  forms  compounds  distinguished  by  the  names  of 
with  chio-  protrochloride  and  perchloride  of  phosphorus. 
J""*;  1.  Protochhridt  of  phosphorus  is  obtained  by  passing 

ehioride:     die  vapour  of  phosphorus  through  heated  corrosive  sobH- 
^fld^     mate  (a  compound  of  chlorine  and  mercury)  in  a  glass  or 
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porceUm  tube,  to  one  end  of  which  a  reoeivtr  is  loCedL  A  Csaf.  ih.  * 
liquid  €oUecta  in  the  rcceirer,  which  conaisu  of  this  proto-  ^*"'"-^*-*- 
chloride. 

&•  This  trbloride  was  first  made  in  quantities  and  era*  mwoiiiij 
mined  by  Gay-Lussac  and  Thenard;  but  its  real  constituents 
were  first  demonstrated  by  Sir  H.  Davy. 

3*  Procochloride  of  phosphorus  is  a  colourless  liquid,  of  PtDpertlcs. 
an  acid  and  very  caustic  taste.  It  sasokes  strongly  in  the 
open  air;  but  in  close  vessels  it  remains  unaltered.  When 
dropped  into  water,  this  liquid  is  decomposed,  and  its  con« 
stituents  uniting  to  the  constituents  of  the  chloride,  form 
Iqrdrochloric  (muriatic)  acid,  and  phosphorous  acid.  It  is  Spee.  skt. 
nearly  one  and  a  half  times  as  heavy  as  water.  ^^* 

4.  Protochloride  of  phosphorus  is  composed  of  CoidikmI- 

Phosphorus  12  *^- 

Chlorine  43*  (nearly) 

55 

1.  Ptrchloride  of  phosphorus  may  be  obtained  by  bum-s.  Perehlo- 
ing  phosphorus  in  dry  chlorine  gas.  dSSneS^ 

2.  It  is  an  exceedingly  volatile   substance  of   a  snow-  Properties, 
white  colour.  Its  vapour  reddens  litmus  paper;  from  which  it 
would  appear  that  it  possesses  acid  properties.    It  decom- 
poses water  with  great  energy,  and  combines  with  its  con- 
stituents in  such  a  way  as  to  form  hydrochloric  (muriatic) 

add,  and  the  phosphoric  acid*  Although  a  product  of  com- 
bustion, it  is  still  capable  of  undergoing  that  prooess;  when 
in  the  form  of  vapour,  it  burns,  when  lighted,  in  the 
open  air. 

3.  Perchloride  of  phosphorus  is  composed  of  Compoai- 

Phosphorus  12  *^- 

Chlorine  80* 

92.--SO  that  it  appears 

that  this  chloride  contains  somewhat  less  than  twice  as 

much  chlorine  as  the  protochloride. 

VII.    Phosphorus  combines  in  two   proportions   with  PhcMphorat 

iodine,  and  forms  the  compounds  caUed  by  Dr.  Thomson,  ^|j|^„2| 

protiodide  and  periodide  of  phosphorus.  These  iodides  were  with  iodine. 

first  noticed  by  Sir  H.  Davy;  but  Gay-Lussac  was  the  first 

chemist  who  subjected  them  to  an  accuri^  examination* 

1.  Protiodide  of  phoophorus  lAay  be  formed  'by  mixing  i.  Protio- 
dide: hov 

*  The  «bove  MuAyib  dees  viot  aeeoid  with  the  theery  ef  dcfiake  TMropoitiDiii. 
Hcneefter  tfttj  eeimay  wbiA  is  et  Tjimooe  with  this  tfaeor)[»  until  the  resder 
is  made  Mt^uainted  with  it,  wiD  be  distinguished  by  an  asterisk.  This  mark  of 
Aftinetioii  the  reader  wiH  Sad  eolifeiiieBt  when  he  eomet  to  apply  tlie  thecT- 
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Book  I.    together  in  a  glass  tube,  1  part  of  phosphorus,  and  10*41 
^  parts  of  iodine;  the  combination  takes  place  rapidly  with  the 


evolution  of  much  heat,  but  no  light. 

Propertiet.  2.  It  is  a  solid  substance  of  a  reddish-brown  colour.  Its 
melting  point  is  at  the  temperature  of  SI 2°.  When  throifn 
into  water,  it  decomposes  diat  liquid,  and  at  the  same  time 
is  converted  into  hydriodic  acid  and  phosphoric  acid. 

Compoa.        d*  Protiodide  of  phosphorus  is  composed  of 

tioD.  Phosphorus  12 

Iodine  125 

137 
<.  Perio-         1*  Periodide  of  phosphorus  may  be  prepared  by  mixing 
d^  how   together  1  part  of  phosphorus  and   20*82  parts  of  iodine; 
they  combine  with  violence  and  with  the  evolution  of  a 
great  deal  of  heat. 
Propertiei.      2-  It  is  a  solid  substance  of  a  black  colour.  Its  melting 
point  is  at  the  temperature  of  115^.  It  dissolves  in  water 
with  the  evolution  of  much  heat;  being  at  the  same  time 
decomposed. 
Compoti-        3.  Periodide  of  phosphorus  is  composed  of 
"**  Phosphorus         12 

Iodine  250 

262-^o  that  it  appears 

that  the  periodide  contains  ezacdy  twice  as  much  iodine 

as  the  protiodide. 
Phospboruf      VIII.    Phosphorus   dissolves  in   small    proportion  in 
«^         azote.  The  combination  is  attended  by  a  small  increase  of 

bulk. 
Effects  of       IX.  Phosphorus  may  be  melted  and  sublimed  in  protox- 
^f'^^^    ide  of  azote  (nitrous  oxide)  or  even  touched  while  in  that 
it;  gas  with  a  red  hot  iron,  without  alteration;  but  if  a  wire 

heated  to  whiteness,  be  presented  to  the  phosphorus,  it  takes 

fire  and  explodes;  the  products  being  azotic  gas,  and  nitric 

and  phosphoric  acids, 
and  of  eblo-     X.  Phosphorus,  brought  in  contact  with  chloride  of  azote, 
^^       explodes  violently.  It  has  not  been  possible  to  collect  the 

products. 
Forms  two  XL  Phosphorus  combines  in  two  proportions  with  hy- 
wSthTdro^  drogen,  and  forms  compounds,  which  Dr.  Thomson  caUs 
^0.  ^  "^  hydroguret  and  bihydroguret  of  phosphorus. 
1.  Hydro-  1»  Hydroguret  of  phosphorus  ^or  phosphuretted  hydrogen 
goret  of  as  it  is  usually  called,  may  be  obtained  in  the  following  man- 
jJTiSir  nc^'s  Throw  into  a  small  retort,  filled  with  water  acidulat- 
obtained.     ed  with  hydrochloric  (muriatic)  acid,  a  portion  of  the  com- 

potmd  formed  of  phosphorus  and  lime,  which  has  been 
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earefuUf  secluded  from  the  air;  a  quantity  of  gas  is  imme-  Ciuy.iiL 
diately  extricated,  which  must  be  collected  over  water. 
This  gas  is  the  h3ndroguret  of  phosphorus. 

2*  Hydroguret  of  phosphorus  was  discovered  in  1783  byDbtorerj. 
Gengembre,  while  heating  a  mixture  of  liquid  potash  and 
phosphorus  in  a  small  retort* 

3.  It  is  In  the  form  of  a  colourless  and  elastic  fluid.  Its  Properdei. 
smell  is  similar  to  that  of  onions;  its  taste  exceecUngly  bit- 
ter. It  is  somewhat  lighter  than  atmospheric  air.  When  it  Spf°^|"^^- 
comes  in  contact  with  common  air,  it  takes  fire  sponta-    ^^'^^^ 
neously  and  bums  with  great  splendour.    In  chlorine  gas 

it  bums  with  a  greenish  yellow  flame;  the  products  being 
hydrochloric  (muriatic)  acid  and  chloride  of  phosphorus. 
Water  saturated  with  it  contains  rather  more  than  two  per 
cent.;  and  acquires  a  yellow  colour,  an  intensely  bitter  taste, 
and  a  smell  similar  to  that  of  the  gas. 

4.  Hydroguret  of  phosphorus  is  composed  of  Gompoiiw 

Phosphorus         12  ^^• 

Hydrogen  1 

13 

1.  Bihydroguret  of  phosphorua  may  be  obtained  by  te- BQiydrosiu 
posing  hydrogiu'et  oi  phosphorus  to  the  action  of  the  direct  !^^[T|S 
rays  of  the  sun:  phosphorus  is  thereby  deposited  and  the 

gas  is  converted  into  this  hydroguret. 

2.  Bihydroguret  of  phosphorus  was  first  particularly  ex- 
amined in  1812,  by  Sir  H.  Davy,  by  whom  it  was  obtained 
by  exposing  crystallized  phosphorous  acid  to  heat. 

3.  It  is  in  the  form  of  a  colourless  and  elastic  fluid.  Its  Properties. 
smell  is  similar  to  that  of  hydroguret  of  phosphoms,  but 

not  so  disagreeable.  It  is  very  nearly  as  heavy  as  atmos- 
pheric air.  It  does  not  bum  spontaneously  in  atmospheric 
air  or  oxygen  gas;  but  when  heated  to  the  temperature  of 
30O^  in  either  of  them  it  explodes,  the  products  being  wa- 
ter and  phosphoric  acid.  When  mixed  with  chlorine,  a  spon- 
taneous combustion  takes  place,  attended  with  a  white  flame. 
The  products  are  hydrochloric  (muriatic)  acid  and  chloride 
of  phosphorus.  It  is  absorbable  by  water,  which  when  sa- 
turated contains  one-eight  of  its  bulk  of  the  gas. 

4.  Bihydroguret  of  phosphorus  is  composed  of  CompOfi- 

Phosphorus         12  tioiL 

Hydrogen  2 

14.— So  that  it  appears 
that  the  bihydroguret  contains  twice  as  much  hydrogen  as 
the  hydroguret. 
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Book  l       5«  Mr.  Dalton  does  not  admit  of  die  etutence  ci  dus 
Dmrfon  L  hydfoguret.  This  chemist  considers  that  there  is  but  one 
A^*^h^   combination  of  phosphorus  and  hydrogen;  and  that,  the  one 
Mtoou  ^    which  has  just  been  described  under  the  name  of  hydrogu- 
ret  of  phosphorus;  that  when  it  is  obtained  from  phosphuret 
of  lime,  which  has  been  exposed  even  for  a  few  hours  to 
the  atmosphere,  it  is  liable  to  be  more  or  leas  contami- 
nated with  free  hydrogen;  and  that  the  bihydroguret  of 
phosphorus  is  hydroguret  of  phosphorus,  mixed  with  a 
variaUe  quantity  of  free  hydrogen.* 
Combai.         XIL  Phosphorus  is  a  ver\^  combustible  substance.  When 
'^"^    heated  to  the  temperature  of  148**,  in  the  open  air,  it  com- 
Iqm:  bines  rapidly  with  oxygen;  the  action  being  attended  by  a 

vivid  combustion.  Under  such  circumstances,  phosphorus 
prodoetf  combines  with  the  largest  dose  of  oxygen  with  which  it  is 
P^P**^^  capable  of  uniting,  and  forms  the  acid  called  phosphoric 

acid,  already  mentioned. 
Medical  XIII.  Phosphorus  has  never  been  used  extensively  in 

^oDertiM  medicine;  and  yet,  from  its  active  properties,  there  is  rea- 
nu.  son  to  believe,  that  it  might  be  very  useful  in  many  cases 

of  disease.  When  taken  in  the  dose  of  from  one-eighth  to 
one-fourth  of  a  grain,  rubbed  up  with  some  mucilage  of  gum 
arable^  it  produces  great  heat  about  the  stomach,  and  occa- 
sionally violent  purging.  It  has  been  used  in  France,  as 
well  as  in  this  country,  as  a  stimulant  in  low  fevers;  but  it 
would  appear  that  the  success  was  not  veiy  encouraging. 
In  debility  of  the  sexual  organs,  it  it  said  to  nafve  been  used 
with  advantage. 

The  effects  of  ^is  substance  upon  the  system  deserve  to 
be  particularly  investigated.  It  is  not  important  to  know  in 
what  diseases  it  has  been  tried;  but  if  a  complete  history  of 
its  eflects  was  made  out,  it  would  enable  practitioners  to 
know  what  results  they  had  a  right  to  expect  from  it,  and 
tD  use  it  accordingly. 


SECTION  IV. 

CW  SUIrPHUR, 

(Commoiily  ealled  BrinuUme.) 

Salphur:         I.  SuLPHUR  may  be  easily  obtained  by  distilling  the  mi- 
^?!^  ^     neral  called  pyrites.!  It  rises  in  a  state  of  vapour,  and  may 

be  made  to  deposite  m  proper  receivers.  In  this  state  it  is 

called  flowers  of  sulphur. 

*  See  Dalton  on  Phoapharetted  ^Hydrogen.  Thoroson^a  Aonals,  xi.  7. 
t  MetalUc  eombiiuitioDa,  contiinins  a  rery  laixe  proportton  of  fulphnr. 


t 

IL  Sulphur  is  found  native  abundftotly,  cspeeiallf  in  the  Ghav.  UI. 
neighbourhood  of  volcanoes*  — 

III.  It  is  a  hard  brittle  substance  of  a  greenish  yellow  Pra|»eitief. 
colour,  without  any  smell,  but  possessing  a  weak  taste.  It 
remains  unchanged  in  the  open  air,  and  is  insoluble  in  water. 

IV.  It  is  nearly  twice  as  heavy  as  water.  Its  melting  Spec.  ^nw. 
point  is  at  the  temperature  of  318^.  ^'^^' 

V.  When  heated  in  the  open  air  to  the  temperature  ofluoombua- 
560^,  a  rapid  combination  with  oxygen  takes  place,  attend-  ^^^J^!^* 
ed  by  all  the  phenomena  of  combustion;  while  at  the  same 

time,  fumes  of  a  suffocating  odour  are  emitted.  The  flame 
is  of  a  pale  blue  colour.  If  the  combustion  be  performed  in 
piu«  oKvgen,  the  product  is  found  to  be  an  acid,  which  is  productMi 
called  by  chemists  the  sulphurous  acid.  Besides  this  acid  *^* 
formed  by  combustion,  sulphur  forms  with  oxygen  two 
odder  acids,  which  are  called  hyposulphurous  and  sulphuric 
acids.  The  last  mentioned  acid,  in  common  language,  is 
called  oil  of  vitriol.  These  acid  compounds  will  be  describ- 
ed hereafter  under  the  head  of  acids. 

VI.  Sulphur  combines  in  one  proportion  with  chlorine,  Forms  one 
and  forms  chloride  of  sulphur.  ^^"^^ 

1.  Chloride  01  sulphur  may  be  obtamed  by  passmg  a  cur-  rine. 

rent  of  chlorine  through  flowers  of  sulphur;,  or  by  heating  ^^JJ^f  ^ 
sulpluir  in  a  dry  glass  vessel  containing  chlorine.  how  dbtud- 

2.  It  is  in  the  form  of  a  liquid,  of  a  brownish  red  colour  ^* 
or  of  a  yellowish  green,  according  as  it  is  viewed  by  re-    ^^ 
fleeted  or  transmuted  light.    Its  smell  is  strong  and  son^e- 
what  similar  to  that  of  sea  plants.  Its  taste  is  acid,  hot  and 
Utter,  affecting  the  throat  with  a  painful  tickling.  It  smokes 
very  n^uch  in  the  open  air;  and  the  eyes  when  exposed  to  its 
vapoimr,  become  filled  with  tears,  and  are  affected  with  that 
smarcing  sensation,  produced  by  smoke.  It  changes  the  co- 
lour  of  moist  litmus  paper  to  red.  It  is  about  one  and  Spee.  ^nV, 
three^fourth  times  as  heavy  as  water.  ^'^' 

3.  Chloride  of  sulphur  is  composed  of  Compou- 

Sulphur        16  ^• 

Chlorine        36 
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VII.  Sulphur  combines  in  <me  proportion  with  iodine.  Forms  one 
and  forms  iodide  of  sulphur.  wiiSn^e. 

1.  Iodide  of  sulphur  may  be  easily  formed  by  mixing 
together  its  constituents,  and  exposing  them  to  a  heat  suf- 
ficient to  melt  the  sulphur. 

2.  It  is  of  a  greyish  black  colour,  and  radiated  struc- 
ture. It  was  first  described  by  Gay-Lussac. 

£ 
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Book  I.  VIII.  Sulphur  combines  in  two  proportions  with  hydro- 
Divisionjf^  gen,  and  forms  compounds,  which  are  generally  known  by 
Sulphur  the  names  of  supersulphuretted  hydrogen^  and  sulphuretted 
compounds  hydrogen.  Sulphuretted  hydrogen  possesses  all  the  proper- 
with  hydro-  ties  of  an  acid;  while  the  supersulphuretted  hydrogen  has 
^"'  the  characteristic  property  of  that  class  of  chemical  bodies, 

which  are  in  as  much  as  it  forms  compounds  analogous  to  salts  with 
sriai(»ou8    salifiable  bases.   Both  these  compounds  will  be  described 

among  the  acids,  under  the  names  of  hydrosulphurous  and 

hydrosulphuric  acids, 
and  one  IX.  Sulphur  combines  with  carbon,  and  forms  the  com- 

w^lb^cT-**  P^"**^  ^*^^*^^'  sulphuret  of  carbon. 

bon.  1.  Sulphuret  of  carbon  may  be  obtained  by  the  following 

^'^^.k*^^  process:  Place  a  porcelain  tube,  filled  with  charcoal,  through 
how  obtain- a  furnace,  fixed  in  an  inclined  position.  Lute  to  its  lower 
^*  extremity  a  glass  tube  of  such  a  shape  that  it  may  be  passed 

into  a  bottle  of  water;  to  the  other  end,  lute  another  glass 
tube,  containing  bits  of  sulphur,  and  furnished  with  a  wire 
fixed  in  such  a  way  as  to  admit  of  being  used  to  push 
the  sulphur  forward,  without  admitting  the  air.  Heat  the 
charcoal  to.  redness,  and  continue  it  at  that  temperature, 
until  bubbles  of  air  cease  to  be  disengaged;  then  push  the 
sulphur  by  means  of  the  wire  into  the  porcelain  tube.  A 
substance  will  pass  into  the  bottle  and  condense  under  the 
water:  this  substance  is  the  sulphuret  of  carbon. 
Properties.  2.  Sulphuret  of  carbon  is  a  transparent  and  colourless 
liquid,  of  an  acrid,  pungent  and  somewhat  aromatic  taste; 
and  nauseous,  fetid,  and  quite  peculiar  smell.  It  is  pne  of 
the  most  volatile  liquids  known.  It  was  first  obtained  in 
1796  by  Lampadius,  upon  distilling  a  mixture  of  pyrites 
and  sulphur.  This  chemist  supposed  it  to  be  a  compound 
Spec.  gray,  of  sulphur  and  hydrogen.  It  is  somewhat  move  than  one 
1'37£.  2Lnd  one-fourth  times  as  heavy  as  water.  Its  boiling  point  is 
between  the  temperature  of  105^  and  110®.  It  does  not  con- 
geal when  cooled  down  to  —  60®.  It  produces  a  greater  cold 
by  its  evaporation,  than  any  other  substance  known.  The 
mercury  in  a  thermometer,  whose  bulb  is  enveloped  in  fine 
lint  wetted  by  it,  sinks  from  60®  to  about  zero.  In  a  re- 
ceiver  of  an  air  pump,  which  is  rapidly  exhausted  of  air, 
a  thermometer  under  the  same  circumstances  sinks  to  —  82<* 
in  the  course  of  a  few  minutes.  When  raised  to  a  certain 
temperature  in  the  open  air,  it  burns  with  a  blue  flame: 
the  products  being  sulphurous  acid,  carbonic  oxide  and  car- 
bonic acid. 
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3.  Sulphuret  of  carbon  is  composed  of  c«af.  m. 

Sulphur         32  ComiKw- 

Carbon  G  ^«»' 
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X.  Sulphur  combines  with  phosphorus,  and  forms  sul-  Sulphur 
phuret  of  phosphorus.  This  sulphuret  is  readily  formed  by  ^|3|^'^\'J^^ 
melting  its  constituents  together  under  water.    The  heatphora's. 
mast  be  applied  cautiously,  llie  constituents  of  this  sulphu- 
ret unite  in  various  proportions. 

XI.  Sulphur  furnishes  the  physician  with  a  very  valuable  Sulphur, 
laxative.  It  appears  particularly  suited  for  hsemorrhoidal  ^J^^jiJJie. 
affections.  In  psora,  when  mixed  with  some  mild  ointment, 

it  coti^titutes  one  of  the  best  external  applications. 


SECTION  V. 


OF  ARSENIC. 


I.  Arsenic  may  be  obtained  pure  by  the  following  pro-  Aneiue; 
cess:  Expose  a  mixture  of  two  parts  of  white  arsenic  (a  |*^^^ 
compound  of  oxygen  and  arsenic)   with  one  part  of  black 
flux,*  to  a  gentle  heat;  the  flux  separates  the  oxygen  from 

the  white  arsenic,  which  is  thereby  reduced  to  a  state  of 
purity,  and  then  slowly  sublimes. 

II.  Arsenic,  generally  combined  with  sulphur  or  oxygen,  Where 
is   found  principally  in  Germany.    It  has  been  found  in^<^°A^ 
some  parts  of  the  United  States;  combined  with  iron  near    > 
Boston;  with  nickel  in  Maryland;  and  with  cobalt  in  Con- 
necticut.! t 

III.  It  is  a  metallic  substance  of  a  bluish  white  colour  Properties. 
and  considerable  brilliancy.  When  cold  it  has  no  smell;  hut 

when  heated  it  emits  an  odour  resembling  that  of  garlic.  It 
is  the  softest  of  all  the  metals;  and  so  brittle  that  it  may  be 
reduced  to  powder  in  a  mortar.  When  exposed  to  the  air, 
it  loses  its  lustre,  turns  black  and  falls  to  powder;  but  un- 
der water  it  remains  unaltered. 

IV.  It  is  somewhat  less  than  eight  and  one-third  times  Spec.  graT. 
as  heavy  as  water.  Its  fusing  point  is  not  known,  in  conse-      ^'^'- 
quence  of  its  subliming  before  fusion. 


*  Flux  is  a  term  applied  to  substances,  used  bj  chemists  to  facililMte  the  fusion 
of  metals,  or  the  reduetion,  to  the  metallic  state,  of  metallic  ores.  The  black  flux 
is  made  by  detooating  one  part  of  nitre  and  two  parts  of  tartar  together  in  an 
ignited  crucible. 

t  See  Cleayeland't  Mineralogy. 
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Book  I.       V*  Arsenic  burns  with  a  pale  blue  flame.   The  pro'duct 
Diviaionl.  of  |he  combustion  is  an  acid. 

Forms  two  VI.  Arsenic  combines  in  two  proportions  with  oxygen, 
""^^nds""  ^^^  forms  compounds  having  acid  properties.  They  .are 
withozy-  called  by  chemists  the  arseuious  acid  and  arsenic  acid.  The 
S^-  former  is  that  which  is  formed  during  combustion;  they 

will  be  di^scribed  hereafter  under  the  ht^ad  of  acids. 
Formi  one      VII.  Arsenic  combines  in  one  proportion  with  chlorine, 
**^d  ^"^  and  forms  chloride  of  arsenic. 

tine.  !•  Chloride  of  arsenic,  formerly  called  butter  of  arsenic. 

Chloride  of  may  be  obtained  by  distilling  a  mixture  of  six  parts  of  cor- 

J^^/^rosive  sublimate  (a  chloride  of  mercury)  and  one  part  of 

arsenic,  with  a  gentle  heat;  the  chloride  in  question  passes 

over,  and  may  be  collected  in  a  receiver. 

Propertiet.      2.  Chloride  of  arsenic  is  a  volatile  transparent .  liquid  of 

the  consistence  of  oil.    It  is  decomposed  by  being  mixed 

with  water;  arsenious  acid  being  precipitated. 

Arsenic  VIII.  Arsenic  combines  with  iodine  and  forms  iodide  of 

^thlodiDe  ^''s^D'c*  '^  "^^y  ^^  prepared  by  bringing  its  constituents  into 

'  contact,  whereupon  they  unite  readily.  This  iodide  is  of  a 

dark  purple  red  colour.  It  possesses  acid  properties. 

and  with         IX.  Arsenic  has  the  property  of  combining  with  hydro- 

h7dr(%en.   ^^^^  ^^^  forms  the  compound  called  arsenuretted  hydrogen. 

Arsenoret.      |.  Arsenurettcd  hydrogen  may  be  obtained  very  readily 

M^how"  ^y  pouring  sulphuric  acid  (oil  of  vitriol)  diluted  with  twice 

oh>tained.     its  Weight  of  Water,  upon  a  Aiixturb  of  four  parts  of  zinc 

and  one  of  arsenic:  a  gas  is  immediately  extricated.  This  gas 

is  arsenuretted  hydrogen.  It  becomes  formed  in  consequence 

of  the  decomposition  of  water;  the  hydrogen  of  that  liquid, 

just  at  the  moment  of  its  formation-,  cbtnes  in  contact  with 

the  arsenic  and  dissolves  it  in  minute  proportion. 

Properties.      ^  Arsenuretted  hydrogen  is  a  colourless  and  elastic  fluid 

like  common  air.  Its  smell  is  nauseous.    When  drawn  into 

the  lungs  it  produces  very  deleterious  eflfects.    It  is  capable 

of  combustion.  When  set  on  fire,  it  bums  with  a  blue  flame. 

It  was  discovered  by  Scheele  during  his  experiments  upon 

arsenic. 

Arsenic  X.  Arsenic  has  the  property  of  combining  with  phos- 

vith  'phM-  phoi'us,  forming  the  compound  called  phosphuretof  arsenic. 

phorui;       It  may  be  obtained  by  distilling  a  mixture  of  equal  parts  of 

its  constituents  over  a  moderate  fire.    This  compound  has 

a  brilliant  appearance  and  a  black  colour.    It  requires  to  be 

kept  under  water  for  preservation. 

and  with         XI.  Arsenic  combines  with  sulphur  and  forms  sulphuret 

suiphar.      of  arsenic. 

Sulphuret  !•  This  sulphuret  may  be-  obtained  by  melting  togeriier 
of  arsenic,  j^g  constituents  in  a  covered  crucible.  When  thus  formed 
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it  is  usually  called  realjjar,  and  is  a  solid  substance  of  a  Ciat.  Uh 
scarlet  colour^  about  three  and  one-third  times  as  heavy  — — 
as  water.  It  has  no  taste.  This  same  sulpburet  may  be 
formed  also  by  pouring  a  solution  of  hydrosulphuric  acid 
(sulphuretted  hydrogen)  into  a  solution  of  araenious  acid 
in  hydrochloric  (muriatic)  acid.  It  falls  in  the  form  of  a 
powder  of  a  fine  yellow  colour.  In  this  state  the  sulphuret 
is  usually  called  orpiment. 

2.  Sulphuret  of  arsenic  occurs  native  both  in  the  form  of  Poand  u- 
realgar  and  of  orpiment.    Native  orpiment  however  is  not  ^^^' 
in    powder^  but   composed  of   thin  plates  which  possess 
some  degree  of  flexibility. 

XI L  Arsenic,  in  the  metallic  state,  ^as  not  been  applied  MetiiRe 
to  any  medical  use;  but  the  acids  which  this  metal  furnishes  *'^,*?®  '^ 
are  very  powerful  articles  of  the  matena  medica.  dieioe. 


SECTION   VI. 

OP  CHROMIUM  .• 

I.  Chromium  may  be  obtained  by  the  following  process:  Chromiomi 
Take  two  parts  of  the  mineral  called  chromate  of  iron,  which  ^'^  ^^"*" 
consists  of  an  acid  of  chromium  combined  with  an  oxide  of 
iron,  and  expose  it,  mixed  with  one  part  of  nitrate  of  pot- 
ash (nitre),  to  the  action  of  a  strong  heat.  By  dus  means, 
part  of  the  mineral  will  be  decomposed.  Digest  the  mass 
thns  altered  in  water,  until  every  thing  solnble  is  taken  up. 
Separate  this  solution  and  set  it  aside;  it  contains  nothing 
but  chromic  acid.  Treat  the  residue,  left  after  the  action  of 
the  water,  with  hydrochloric  (muriatic)  acid,  which  wiU 
dissolve  off  the  oxide  of  iron,  which  had  been  previously 
conabined  with  the  separated  chromic  acid.  What  remains 
BOW  of  the  mass  is  nothing  but  the  undecomposed  chromate. 
By  repeating  the  treatment  just  detailed  a  number  of  times, 
the  mineral  is  at  last  totally  decomposed.  This  being  ef- 
fected, mix  all  the  aqueous  solutions  of  the  chromic  acid 
together,  and  saturate  the  whole  by  means  of  nitric  acid 
(a<)tta  fertis).  This  latter  acid  combines  only  with  the  chro- 
mic acid,  without  uniting  to  impurities,  and  may  be  made 
to  crystallize  in  this  state  of  combination.  Separate  the 
crystsds  of  the  combined  acids,  dissolve  them  in  water,  and 
mix  the  solution  with  a  solution  of  nitrate  of  mercury,  a 


*  From  xt0l"^  eolonr;  because  it  hlbi  the  propertj  of  gifing  odour  to  other 
bodies  in  •  renaarkable  degree. 
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Book  I.  compound  formed  of  nitric  acid  and  oxide  of  mercury.  The 
DjTision  L  chromic  acid  immediately  separates  the  nitric  acid  of  the 
nitrate,  combines  itself  with  the  oxide  of  mercury,  and  in 
this  state  precipitates  in  the  form  of  chromate  of  mercury. 
Expose  the  chromate  of  mercury,  after  being  well  washed, 
to  a  strong  heat  in  a  stone-ware  retort.  The  mercury  is 
thereby  volatilized,  and  nothing  remains  but  pure  chromic 
acid.  Expose  the  chromic  acid  mixed  with  charcoal  to  a 
strong  heat  in  a  porcelain  furnace.  The  charcoal  combines 
with  the  oxygen  of  the  acid,  flying  off  in  the  form  of  carbo- 
nic acid;  while  the  pure  chromium  remains  behind. 
How  found      II.  Chromium  in  its  pure  state  has  never  been  found  na- 
in  Dftture.    ^j^g.  |jm  acidified  and  combined  with  oxide  of  lead  it  oc- 
curs in  Siberia,  under  the  name  of  the  red  lead  ore  of 
Siberia.    The  chromate  of  iron  has  been  found  in  France, 
and  abundantly  near  Baltimore  in  the  United  States. 
Diacoreiy.       HL  In  1797  Vauquelin  ascertained  the  true  nature  ef  the 
red  lead  ore  of  Siberia,  by  discovering  that  it  contained  a 
metallic  body  previously  unknown.  To  this  metallic  body, 
he  gave  the  name  of  chromium. 
Properties.      IV.  Chromium  is  a  brittle  metal,  of  a  white  colour,  in- 
termediate between  that  of  tin  and  steel.    It  is  capable  of 
being  polished.   It  is  not  altered  when  exposed  to  air,  but 
becomes  oxidized  when  subjected  to  heat.    Acids  act  upon 
it  with  great  difficulty. 
;.  graT.     y.  It  is  somewhat  less  than  six  times  as  heavy  as  water. 
'^'      It  requires  a  very  high  temperature  to  bring  it  into  a  state 
of  fusion. 

Pormi  VI.  Chromium  combines  with  oxygen  in  three  propor- 

^onds^fa  ^^^^y  ^^^  forms  compounds  which  are  called  protoxide  of 
OT^feen; one  chromium,  deutoxide  of  chromium,  and  chromic  acid.  The 
ef  whieh  is  j^st  named  compound  will  be  described  under  the  head  of 
'"'^-      acids. 

l.Protoxide      1.  Protoxide  of  chromium  may  be  prepared  by  exposing 
oxideT'*     chromic  acid  to  heat  in  close  vessels.  Oxygen  gas  is  driven 
off  and  the  acid  is  reduced  to  the  state  of  this  oxide.  It  has 
a  green  colour.  It  is  very  soluble  in  acids,  but  is  not  capa*- 
ble  of  forqf^ing  salts  by  combining  with  them.    Its  exact 
composition  has  not  been  determined. 
8.  Deutox-       2.  Deutoxide  of  chromium  may  be  prepared  by  dissolv- 
«5de'*"^^""8  ^^^  protoxide  in  nitric  acid   (aqua  fortis),  evaporating 
the  solution  to  dryness,  and  exposing  the  dry  mass  to  heat 
until  it  cease  to  emit  nitrous  fumes.   It  is  a  brown  brilliant 
powder,  scarcely  soluble  in  potash  or  soda.  It.  is  totally  in- 
soluble in  acids,  and  consequently  incapable  of  forming 
any  salt. 


fipee 
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Cmat.  in. 


SECTION  VII. 

OP  MOLYBDENUM.* 

I.  Molybdenum  may  be  obtained  by  the  following  pro-  Mdybde- 
cess:  Roast  the  mineral  called  molybdena,  which  ia  a  sul-  ^^^J^ 
phuret  of  the  metal  under  consideration,  slowly  and  repeat- 
edly at  a  moderate  red  heat,  until  it  ia  reduced  to  the  state 

of  a  fine  powder.  By  this  treatment  the  sulphur  is  driven 
off,  and  the  metal  is  oxidized.  In  order  to  separate  any  im- 
purity, dissolve  the  powder  in  pure  ammonia,  filter  the  so- 
lution thus  formed  and  evaporate  it  to  dryness.  The  am- 
monia dissolves  the  oxide  alone,  leaving  the  impurities;  and 
when  the  solution  is  evaporated  to  dryness,  the  ammonia  is 
is  driven  off,  and  nothing  remains  but  pure  oxide  of  molyb- 
denum. Mix  the  pure  oxide  thus  obtained  with  some  char- 
coal powder,  and  expose  it  to  a  violent  heat;  its  oxygen 
combines  with  the  charcoal  forming  carbonic  acid,  while 
die  pure  molybdenum  remains  bt-hind. 

II.  Molybdena,  the  mineral  from  which  molybdenum  is  Hiitoiy  of 
generally  obtained,  w^  first  analyzed  by  Scheele,  who  **"*®**'^' 
ascertained  it  to  be  composed  of  sulphur  and  a  white 
powder  which  possessed  acid  properties.  Bergman  sus- 
pected that  the  acid  powder  discovered  by  Scheele  was  a 
peculiar  acid,  containing  a  metal  before  that  time  alto- 
gether unknown.  This  suspicion  was  soon  after  confirmed 

by  Hjelm,  who  had  undertaken  the  analysis  of  the  powder 
at  the  request  of  Bergman. 

III.  Besides  in  molybdena  (sulphuret  of  molybdenum)  Minenli  df 
molybdenum  has  been  discovered  in  Carinthia,  in  another  J^*l|f,^here 
mineral,  called  molybdate  of  lead  (a  compound  of  an  acid  found. 

of  molybdenum  and  oxide  of  lead). 

Both  these  minerals  have  been  found  in  the  United 
States.  The  sulphuret  occurs  most  abundantly  in  Maine; 
the  molybdate  of  lead  has  been  found  in  the  Perkiomen 
lead  mine,  near  Philadelphia,  and  the  Northampton  lead 
mine,  Massachusetts.! 

IV.  Molybdenum  is  a  brittle  metal  of  a  silvery  white  Propertiei. 
colour,  possessing  frequently  a  shad6  of  yellow; 

V.  It  is  between  seven  and  a  half  and  eitrht  and  a  half    Hjeim 
times  as  heavy  as  water.   It  is  extremely  infusible;  no  heat   Buohoiz 

8611. 

*  From  ftoKvfiiatva  plumbago  or  black  lead;  becaose  the  mineral  from  which 
■lolybdenam  is  obtained,  wai  formerly  considered  a  species  of  plumbago, 
t  See  Cleaveland^s  Mineralogy. 


40 


ACIDIFIABI^  COMBUSTIBLES. 


Book  I.    to  which  it  has  been  hitherto  exposed  has  been  sufficient  t0 
P'^"°°  ^'  melt  it  into  a  solid  button. 

Forms  VL  Molybdenum  combines  with  oxygen  in  three  propor- 

three  eom.^}Qii3^  and  forms  oxide  of  molybdenum,  molybdous  acid, 
oxygen;  two  ^nci  molybdic  acid*  The  two  last  named  compounds,  having 
of  which  acid  properties,  will  be  deferred  for  description  under  the 
•"•^^•-    headofacida. 

OsMeof  1.  Oxide  of  molybdenum  fMy  be  obtained  by  ei^pos* 
n^^hew  '^^8  ^  ^  white  beat,  in  a  crucible,  the  compound  formed 
obuined.     of  molybdic  acid  and  ammonia,  mixed  with  some  charcoal. 

The  molybdic  acid  of  the  compound,  by  this  measure,  is 

partly  deoxidized,  and  reduced  to  the  state  of  this  oxide* 
Properties.      2.  It  has  a  copper  brown  colour,  and  a  crystallized  ^f^ 

pearance.  It  does  not  possess  the  property  of  forming  salts 

wiih  acids^ 
Molybde-        VII.   Molybdenum   combines  with  sulphur^  and  forays 
JJJJfJ^™' sulphurct  of  molybdenum.    It  is  exactly  similar   to  the 

native  sulphuret  called  molybdcna. 
how  ohtain-     !•  Sulphuret  of  molybdenum  may  be  obtained  by  distil* 
^-  ling  tog<?iher  one  part  of  molybdic  acid  and  five  parts  of 

sulphur;  the  oxygen  of  the  acid  is  separated,  while  the 

metal  unites  with  the  sulphur. 
Vroperties.      2.  This  sulphuret  has  a  blaish  colour,  very  much  Uke 

that  of  lead.    In  texture  it  is  composed  of  scaly  particles^ 

which  adhere  slightly  to  each  other. 

VIII.  Molybdenum  forms  no  other  compounds  with  the 

substaoce3  already  described  of  suficient  importance  to  be 

noticed. 


SECTION  VIII. 

OF  TUNGSTEN. 

Sjn,   Wolfrandum-^ScheeUunu 

TfiDKiteti;  !•  Tungsten  may  be  obuined  by  the  following  process: 
how  obtttn-  Digest  one  par^  of  the  mineral  called  tungsten  (a  compound 
of  an  acid,  whose  base  is  metallic  tungsten,  and  lime)  re« 
duced  to  powder,  in  three  parts  of  nitric  acid  (aqua  fortis) 
until  it  acquire  a  yellow  colour.  The  nitric  acid  decom- 
poses part  of  the  mineral,  combines  with  its  lime,  and  sets 
free  a  portion  of  the  acid  of  tungsten.  Treat  the  residue 
with  ammonia,  by  which  means  the  free  tungstic  acid  is 
taken  up.  Put  the  ammoniacal  solution  aside.  By  repeating* 
the  treatment,  as  already  described,  for  a  number  of  times, 
the  mineral  may  at  last  be  totally  decomposed.   Now  mix 


TUNG8TEK.  ^| 

aQ  the  ammoniacal  solutions  of  the  tungstic  acid  together,  Qrat.  tn. 
and  add  nitric  acid  as  long  as  any  precipitate  may  appear.  — — 
The  nitric  acid  thus  added  combines  with  the  ammonia; 
and  the  tungstic  acid  set  free,  being  insoluble,  causes  the 
precipitate  above  alluded  to*  Separate  the  precipitate,  and 
let  it  be  well  washed  and  dried.  Then  expose  it,  mixed 
with  charcoal,  to  a  violent  heat,  in  a  covered  crucible.  The 
charcoal  robs  the  acid  of  its  oxygen,  so  that  nothing  remains 
but  pure  tungsten. 

II.  In  1781,  Scheele  analyzed  the  mineral  called  tungs- DiMoreiy. 
ten,  and  resolved  it  into  lime,  and  a  peculiar  acid  which  he 
called  tungstic  acid.    Bergman  suspected  the  base  of  this 

acid  to  be  metallic,  and  his  suspicion  was  afterwards  veri- 
fied by  the  Messrs.  D'Elhuyarts.  These  chemists  found 
the  tungstic  acid  of  Scheele  in  another  mineral  called  wol- 
fram;* and  they  succeeded  in  decomposing  it,  by  mixing 
it  with  charcoal,  and  exposing  it  to  a  very  intense  heat. 

III.  Tungsten   is  a  brittle   metal  of  a  greyish   white  Praperfleik 
colour  like  that  of  steel*   It  possesses  considerable  bril- 
liancy. It  is  one  of  the  hardest  metallic  bodies. 

IV*  It  is  one  of  the  heaviest  of  the  metals;  being  very  Speo.  mv. 
nearly  seventeen  and  a  half  times  as  heavy  as  water.  It     ^^'^ 
requires  a  very  high  degree  of  heat  to  bring  it  into  a  state 
of  fusion;  not  less  than  170^  of  Wedgewood*  When  heated 
in  the  open  air,  it  becomes  oxidized* 

V.  Tungsten  combines  with  oxygen  in  two  proportions,  Formt  two 
and  forms  compounds  called  oxide  of  tungsten  and  tungstic  ^?L^°f ' 
acid.    The  latter  compound   having  acid   properties,   itSgeo;oiie' 
description  will  be  deferred  until  the  class  of  acids  come  to  <)f  ^^^^^^  u 
be  treated  of. 

1.  Oxide  of  tungsten  may  be  formed  by  passing  a  current  Oskie  of 
of  hydrosulphuric  acid  (sulphuretted  hydrogen)  through  a  ^^f^^ 
quantity  of  tungstic  acid,  heated  to  redness  in  a  glass  tube*  uiacd. 
The  hydrogen  of  the  former  abstraets  part  of  the  oxygen 

from  the  latter,  which  is  thereby  reduced  to  the  state  of 
this  oxide. 

2.  Oxide  of  tungsten  has  a  flea  brown  colour.  When  Properties, 
heated  in  the  open  air,  it  takes  fire  and  is  converted  into 
tungstic  acid.  It  is  not  capable  of  forming  salts  with  acids. 

VI.  Tungsten  combines  with  sulphur,  and  forms  sulphu-  Tangiteo 
ret  of  tungsten.   This  sulphuret  may  be  obtained  by  expos-  ^*J[^  *  ^' 
ing  a  mixture  of  one  part  of  tungstic  acid  and  four  parts  of 
sulphuret  of  mercury,  in  a  retort,  covered  wiih  charcoal,  to 


*  Wotfruft  eonttsu  of  tangitie  seid,  eomUned  wiUi  mao^inete  and  iroa. 

F 


42 


ACIDIFIABLE  COBffBUSTIBLES. 


Book  l    a  Violent  heat  for  half  an  hoar.  It  is  in  the  form  of  a  greyish 
P^^"'<^  ^  black  powder. 

VIL  Tungsten  forms  no  alloys  with  the  metals  already 
described* 


SECTION  IX. 

OF  COLUMBIUM. 

Tantalum  of  Kkebcrg- 

Cdambi'         I*  CoLUMBiiTM  may  be  obtained  by  the  following  pro* 
iim;how     cess:  Fuse  together  one  part  of  the  mineral  called  tantalite,* 
dbtuDed:     j^^  parts  of  salt  of  tartar,  and  two  parts  of  borax,  in  a  pla- 
tinum crucible.  This  fusion  is  performed  in  order  to  make 
the  mineral  more  soluble  in  acids.   Soften  the  fused  mass 
'with  water,  and  then  digest  in  hydrochloric   (muriatic) 
acid.  This  acid  dissolves  off  the  oxides  of  iron  and  of  man- 
ganese, leaving  the  oxide  of  columbium  untouched.  Separate 
the  oxide  of  columbium  from  the  dissolved  oxides,  and  let 
it  be  washed  and  dried.  Then  expose  it  to  a  violent  heat  in 
a  charcoal  crucible.  The  charcoal  combines  with  its  oxygen, 
and  reduces  it  to  the  metallic  state, 
in  what  mi-*     1 1*  Columbium  has  heretofore  been  found  in  two  mi- 
Mmi« i^od  nerals  only;   the  tantalite  of  Ekeberg,  and  the  columbite 
'^'  of  Hatchett.    Ekeberg's  specimen  was  found  in  Sweden; 
Hatchett's  came  from  America. 
History  of        HI*  This   metal   was   first   discovered,   in   1801,   by 
disooTeiy.    Hatchett,  as  a  constituent  in  a  mineral  belonging  to  the 
British  museum,  which  had  been  sent  by  Mr.  Winthrop  of 
Massachusetts  to  Sir  Hans  Sloane.   Hatchett  gave  it  the 
name  of  columbium.   Soon  after  this  discovery,  Ekeberg 
detected  a  new  metal  in  a  mineral  found  in  Sweden,  to 
which  he  gave  the  name  of  tantalum.  In  1809,  Dr.  WoUas- 
ton  proved  that  the  columbium  of  Hatchett,  and  the  tanta- 
lum of  Ekeberg,  were  the  same  metal. 
Properties.      IV.    Columbium   is  a  dark   grey   metal,  showing  the 
metallic  lustre  when  rubbed  against  a  fine  grindstone.  It  is 
one  of  the  most  infusible  metals  known,  and  so  hard  that 
its  grains  are  capable  of  scratching  glass.  It  is  also  veiy 
brittle,  and  may  be  reduced  to  powder  in  a  mortar.    It  is 
extremely  insoluble;  not  being  acted  upon  by  hydrochloric 


*  Tantalite  is  eomposed  of  oxide  of  ooliimliwiiii  eombined  with  oxide  of  iron 
and  of  manganese. 
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(muriatic)  acid,  nitric  acid,  or  a  mixture  of  these  acids  Chap.ITL 
usually  called  aqua  regia,  although  digested  upon  it  for 
several  days. 

V.  Columbium  is  somewhat  more  than  five  and  a  half  Spee.  rnr. 
times  as  heavy  as  water.  * 

VI.  When  heated  to  redness,  it  bums  feebly  without  How  H 
any  flame;  but  the  combustion  ceases  the  moment  it  13*^™^^ 
wididrawn  from  the  fire. 

VII.  Columbium  combines  with  oxygen  in  one  propor-  Formt  ooe 
tion  only;   and  forms  a  compound  called   columbic  acid.  ^P^^I* 
This  compound,  having  acid  properties,  its  consideration  p^en;  wiueh 
will  be  deferred  until  the  class  of  acids  come  to  be  treat- ""  •"'^* 
ed  of. 

VIII.  Columbium  forms  no  important  alloys* 


SECTION  X. 

OF  SELENIUM.* 

I.  This  substance  was  discovered  about  the  beginning  of  Selentam, 
the  year  1818,  by  the  celebrated  Swedish  chemist  Berzelius,  bJTlBe^ 
in  ^e  iron  pyrites  of  the  mine  of  Fahlum  in  Sweden.   It  liui. 
had  been  mistaken  for  the  metallic  substance  called  tel- 
lurium, which  will  be  described  hereafter*  Berzelius  has 

since  found  that  it  constitutes  one*fourth  of  a  mineral  previ- 
ously supposed  to  be  an  ore  of  tellurium,  in  which  it  is 
associated  with  silver  and  copper. 

II.  Selenium  is  considered  by  Berzelius  to  be  a  metal,  iti  proper- 
although  having  many  analogies  to  sulphur.    It  has  a  bril-  ^^« 
liant  metallic  lustre,  with  a  tinge  of  red.    When  cooled 
rapidly  it  exhibits  the  vitreous  fracture;   but,  after  slow 
cooling,  its  fracture  is  granulated.  It  is  about  four  and  aSpeo.  gnr. 
half  times  as  heavy  as  water.    It  has  a  certain,  but  scarcely      ^'^' 
perceptible,  transparency.    It  softens  at  the  heat  of  boiling     . 
water,  and  in   a  higher  heat,' melts.   When  heated  suffi- 
ciently, it  is  converted  into  a  yellow  vapour  like  sulphur* 

It  may  be  sublimed  in  large  vessels,  and  deposites  flowers 
of  the  colour  of  cinnabar.  It  acquires  a  certain  degree  of 
consistency  while  cooling,  in  which  state  it  may  be  mould- 
ed in  the  fingers,  or  drawn  into  very  fine  threads.  In  a 
candle  it  bums  with  an  azure-blue  flame,  and  emits  an 


*  From  2fXiivii  the  mooo,  00  aecoant  of  itf  analogy  to  the  metal  oaUed  teU«- 
rioniy  wlueh  U  deriTOd  from  telliu,  the  ;MUtb. 
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Book  I.    odour  resembling  that  of  horae-radish,  and  so  powerful 
Dj.TMiooI-  dhat  one-fiftieth  of  a  grain  of  it,  thus  treated,  is  sufficient  to 

scent  a  large  room. 
It  fomui  nn  .  ^I•  Selenium  combines  with  oxygen  in  one  proportion, 
add  vitk  and  forms  an  acid.  It  is  therefore  an  acidifiable  combustible* 
hySrogeiT  ^^^^Bic  acid  will  be  described  hereafter  under  the  head  of 
indiffeceiM;.  acids.  It  combines  also  wit^  hydrogen,  forming  what  is 
'^'  called  selenuretted  hydrogen.  This  gas  has  considerable  re- 

semblance to  hydrosulphuric  acid  (sulphuretted  hydrogen), 
and  forms  compounds  analogous^  to  salts,  by  combining 
with  salifiable  bases.  It  will  be  described  hereafter  under 
the  Qame  of  hydroselenic  acid.* 


CLASS  III. 

VrrERMEBUTE  COMBUSTIBLES. 

Interme-  This  class  contains  those  combustibles,  whose  com- 
buf^bleT*  P^'**'*^*  ^'^^^  oxygen  are  capable  of  performing  the  part 
defined,  of  acids,  or  of  salifiable  bases,  under  different  circumstan- 
ces, in  the  formation  of  neutrd  salts, 
■pd  enrnne-  There  are  only  two  combustibles  belonging  to  this  class; 
rated.  namely,  antimony  and  tellurium.  These  substances  will 
form  the  subjects  of  the  two  following  sections. 

SECTION  I. 

OF  ANTIMONY. 

AniiiDoiijy  I.  Antimony  may  be  obtained  by  the  following  process: 
tldoed^  Project  by  degrees  100  parts  of  sulphuret  of  antimony 
(crude  antimony),  upon  32  parts  of  iron  filings,  previously 
heated  to  redness  in  a  crucible*  When  the  whole  is  in  a 
state  of  fusion,  add  by  degrees  80  parts  of  nitrate  of  potash 
(nitre);  keep  it  in  this  state  for  a  few  minutes,  and  then 
pour  it  into  an  iron  melting  cone,  previously  heated  and 
greased.  The  metal,  tolerably  pure,  will  be  found  at  the 
bottom  of  the  cone. 
How  foond.  II*  Pure  antimony  very  seldom  occurs  native.  It  occurs 
most  abundantly  minemlized  with  sulphur.  In  its  pure 
state  it  has  been  found  at  Harwington,  in  Connecticut.  In 
the  form  of  sulphuret  it  occurs  in  several  parts  of  the 
United  States.f 

*  For  a  forther  account  of  setenium,  see  Thomson'i  Annal%  toL  xi.  181S. 
j-  See  Cteaveland'a  Mineralogj. 
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III.  Pure  metallic  aotimony  was  not  known  to  the  Gbap.  IIL 
ancients;  and  although  they  were  acquainted  with  the  sul-  jj^  ^^ 
phuret  of  antimony,  it  does  not  appear  that  they  supposed  pure  to  th* 
it  to  be  of  a  metadlk  nature.   Who   first  obtained  it  in'(^<^i»^ 
the  pure  state  is  not  at  present  known;  but  the  process  for 
procuring  it  was  first  described  by  Basil  Valentine,  in  his 
writings  on  antimony,  towards  the  end   of  the  fifteenth 
century. 

IV.  Antimony  is  a  brittle  metal  of  a  greyish  white  Propeitief. 
colour,  and  laminated  texture.  It  possesses  a  good  deal  of 
brilliancy.  Its  hardness  is  about  equal  to  that  of  gold.  It 
communicates  to  the  fingers,  when  rubbed  upon  it,  a 
peculiar  taste  and  smell.  When  exposed  to  the  open  air,  it 
undergoes  no  change  except  the  loss  of  lustre. 

V.  Antimony  is  six  and  nearly  three-fourth  times  as  Spee.  gnv. 
heavy  as  an  equal  bulk  of  water.    It  melts  when  heated  to     ^'^^^ 
redness;  if  the  heat  be  increased  beyond   that   point,  it 
evaporates. 

VI.  Antimony  is  capable  of  combustion.  When  exposed 
to  a  white  heat,  and  then  suddenly  agitated,  it  takes  on 
that  process.  The  product  of  the  combustion  is  an  acid 
called  antimonious  acid; 

VII.  Antimony  combines  with  oxygen  in  three  propor-  Fomu 
tiona,  and  forms  compounds  which  are  called  oxide  of^'^^*®''^ 
antimony,  antimonious  acid,  and  antimonic  acid.  The  two  ^Di^  0x7- 
latter  compounds  having  acid  properties,  their  description  S^J?\^^®  ^ 
will  be  deferred  until  the  class  of  acids  come  under  consi-  ^^^ 
deration.  The  oxide  of  antimony  will  be  considered  in  this 

place. 

OXn>B  OP  ANTIMONY. 

Precipitated  Caix  t^fAnHmomf  of  the  Doblin  College. 

1.  Oxide  of  antimony  may  be  obtained  by  diluting  with  Oxide  oC 
water  a  solution  of  antimony  in  hydrochloric  (muriatic)  "*^™J|y' 
acid.  A  precipitate  appears^  which  consists  of  the  oxide  oftained/ 
antimony,  combined  with  a  little  hydrochloric  acid.    To 
separate  the  acid,  wash  the  precipitate,  and  boil  it  for 
some  time  in  a  solution  of  salt  of  tartar;  wash  it  again  and 

dry  it  on  a  filter.  The  precipitate  is  now  pure  oxide  of  an- 
timony. 

2.  Oxide  of  antimony  is  of  a  dirty  white  colour,  and  Propertiet. 
destitute  of  lustre*   It  is  extremely  fusible.   It  has  the 
property  of  forming  salts  by  combining  with  acids. 

3.  Oxide  of  antimony  was  formerly  used  in  medicine.  At  Medieal 
present,  however,  it  is  not  employed  except  in  combination 
with  sulphuret  of  antimony,  with  which  it  unites  in  several 
proportions.  These  compounds  will  be  described  presently* 
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Book  I.         VIII*  Antimony  combines  with  chlorine,  and  forms 
^^"^  ^'  chloride  of  antiitfony. 

Antimony 

fo™"  •  CHLORIDE  OF  ANTIMONY. 

Mtriate  of  Antimony  of  the  Ed.  College;  formerly  called  BtUter  ofAntimomf. 


ehloride; 
how  oh- 
taiaed. 


Pitipcrties. 


1.  This  chloride  may  be  obtained  by  distilling  a  mixture 
of  two  parts  of  corrosive  sublimate  (a  chloride  of  mercury) 
and  one  part  of  antimony.  It  is  formed  also  by  the  combus- 
tion of  antimony  in  chlorine  gas.  When  introduced  into 
this  gas,  the  metal  catches  fire,  and  the  product  is  the 
chloride  under  consideration. 

2.  Chloride  of  antimony  is  a  fatty  looking  substance,  of 
a  greyish  white  colour;  very  deliquescent  and  very  volatile. 
When  heated  moderately  it  melts.  When  mixed  with  water, 
this  liquid  is  decomposed;  its  hydrogen  combines  with  the 
chlorine,  forming  hydrochloric  (muriatic)  acid,  while  its 
oxygen  forms  anumonious  acid  with  the  antimony. 

3.  Chloride  of  antimony  is  composed  of 

Antimony        45 
Chlorine  36 
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4.  Chloride  of  antimony  constitutes  one  of  the  most  pow- 
erful causUcs  known.  Being  however  in  a  liquid  form  it  is 
difficult  to  limit  its  operation.  At  present  it  is  never  used 
as  an  escharotic. 

IX.  Antimony  combines  with  iodine,  and  forms  iodide 
of  antimony.  It  is  very  readily  obtained  by  fusing  its  con- 
stituents together.  It  has  a  dark  red  colour.  When  digested 
in  water,  it  is  converted  into  hydriodic  acid  and  oxide  of 
antimony;  that  liquid  being  at  the  same  time  decomposed. 

X.  Antimony  combines  with  phosphorus  and  forms  phos- 
phuret  of  antimony.  It  may  be  prepared  by  dropping 
phosphorus  into  melted  antimony.  It  is  a  brittle  substance, 
of  a  white  colour  and  laminated  texture. 

XI.  Antimony  combines  with  sulphur,  and  forms  sul- 
phuret  of  antimony. 

SULPHUBET  OF  ANTIMONY. 

Crude  AnHmomf, 

1.  Sulphuret  of  antimony  may  be  farmed  by  fusing  to* 
gether  its  component  parts  in  a  crucible. 

2.  This  sulphuret  occurs  native,  and  constitutes  a  very 
abundant  ore  of  antimony. 

Propettiei.      ^*  ^^  ^^^  ^  ^^S^^  leaden  grey  colour  and  the  metallic  lus- 
tre. Its  texture  is  foliated  or  radiated.    It  is  much  more 


Salpharet 
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fiuible  than  pure  antimony.  It  is  about  four  and  one-third  Ckav.  dl 
times  as  heavy  as  water* 

4*  Sulphuret  of  antimony  combines  in  several  proportions  Combinet 
with  the  oxide  of  antimony.  This  combination  in  the  gene-  ^'^  .^^® 
ral  way  is  formed  by  adding  the  sulphuret  to  the  oxide  ny^  sere- 
while  in  a  state  of  fusion.   It  may  be  formed  abo  by  melt-  ^  propop- 
ing  in  a  crucible,  the  oxide  of  antimony  with  different  pro-  ^"''^' 
portions  of  sulphur:  part  of  the  antimony  is  thereby  revived 
and  unites  to  the  sulphur  forming  a  sulphuret;  and  this  sul- 
phuret combines  with  the  remaining  undecomposed  oxide. 
The  acids  of  antimony  may  be  employed,  for  fusion  with 
sulphur  as  well  as  the  oxide,  in  the  formation  of  these  com- 
pounds; as  the  former  are  always  reduced  to  the  state  of  the 
latter  during  the  process. 

When  the  sulphuret  of  antimony  is  united  to  the  oxide  in  In  one  pv- 
the  proportion  of  one  part  of  the  former  with  eight  of  the  P***» 
latter,  and  the  compound  fused  by  a  sudden  heat,  it  con- 
stitutes the  preparation  called  glass  of  antimony. 

GLASS  OF  ANTIMONY. 
Vitrified  Oxide  ofjinHmomf  with  Sulphur  of  the  Ed.  College. 

[1.]  Glass  of  antimony  is  prepared  by  the  apothecaries,  by  fbmu  gUn 
exposing  sulphuret  of  antimony  in  powder,  to  a  gentle  heat,  of  ant^mo^ 
for  a  considerable  time,  in  an  open  vessel.^  This  exposure  to  °^* 
heat  has  the  effect  of  driving  off  the  sulphur  from  one  part  of 
the  antimony,  which  is  then  converted  into  oxide.  Part  of  the 
sulphuret,  being  in  this  way  oxidized,  the  whole  is  melted 
in  a  crucible,  and  kept  at  an  intense  heat  until  it  assume 
the  appearance  of  glass.   It  is  a  semitransparent  substance 
of  a  fine  red  colour. 
'  [2.]  Glass  of  antimony  was  formerly  used  in  medicine  as  Medieti 

an  emetic;  but  its  operation  is  so  very  irregular  and  uncer-  ""^"- 
tain,  that  it  has  gone  out  of  use.    When  melted  with  one- 
eighth  of  its  weight  of  yellow  wax,  it  forms  the  preparation 
I  called  cerated  ffiass  of  antimony.  The  cerated  glass  is  both 

I  emetic  and  cathartic,  but  more  certainly  the  latter.  At  pre- 

I  sent  it  is  not  much  employed;  and  most  probably  for  the 

I  same  reason  that  the  use  of  the  glass  has  been  discon- 

tinued. 

\  Sulphuret  of  antimony,  combined  with  oxide  of  antimony  in  In  another 

\  the  proportion  of  one  part  of  the  former  with  four  of  the  P'^P^'^"' 

•^  latter,  constitutes  the  preparation  called  crocus  of  anti- 

'  mony. 
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Bmc  1.  CROCUS  OF  ANTIMONY. 

Diviiion  I.   ^g^  ^iq^  Crocut  MetaUonmL'-^Oxide  ofJhuimvmf,  with  au^htr,  hf  JffUra^ 
qfP9ta9h,  of  the  Ed.  CoHege. 

[1.]  Crocus  of  aDtimony  majr  be  prepared  in  the  follow* 
ing  manner*  Expose  a  mixture  of  equal  parts  of  sulphurct 
of  antimony  and  nitrate  of  potash  (nitre)  each  separately 
pulverized,  to  a  red  heat  in  a  covered  crucible*  A  red 
matter  is  produced,  which  must  be  separated  from  a  whitish 
crust  which  is  also  formed,  and  afterwards  reduced  to  pow- 
der and  washed,  until  the  water  employed  comes  off  taste- 
less* This  red  matter  is  the  crocus  of  antimony. 

[2*]  Crocus  of  antimony  agrees  in  medical  properties 
with  the  glass;  but  like  the  latter  preparation,  it  sometimes 
acts  mildly,  at  other  times  most  violendy*  It  has  accord- 
ingly gone  entirely  out  of  use* 

Common-        5*  Sulphuret  of  antimony  forms  no  other  important  com- 

^plm^t  P^**o^  ^^^  ^^  *^°  j^*^  described.  It  is  composed  of 

Antimony         45 
Sulphur  16 

61 
Medieal  6*  When  reduced  to  the  state  of  impalpable  powder,  sul- 

•ttTim  *t.*  P^^^^*  ^^  antimony  is  sometimes  employed  in  medicine* 
In  general  its  operation  is  that  of  a  diaphoretic;  but  occasion- 
ally, especially  if  it  meet  with  acid  in  the  stomach,  it  is 
violently  emetic  and  cathartic.  It  is  a  powerful  remedy 
in  glandular  obstructions,  and  in  obstinate  cutaneous  erup- 
tions. T^e  dose  is  from  ten  to  thirty  grains* 

XII*  Antimony  forms  no  important  alloys  with  the  me- 
tals already  described. 
Pare  anti-       XIII.  Antimony  in  the  metallic  state  appears  to  have  very 
mon^  not    little  or  no  medical  properties. 

medioinal. 


ed. 


SECTION  II. 

OF  TELI^URIUM. 

Tellariam:  I*  TELLURIUM  may  be  obtained  by  the  following  process: 
hov  obtain- Dissolve  the  orc  in  which  tellurium  is  alloyed  with  gold 
and  iron,  in  a  mixture  of  hydrochloric  (muriatic)  and  nitric 
acids,  commonly  called  aqua  regia;  and  precipitate  the  gold 
and  iron  by  adding  potash  in  excess*  Separate  the  precipi- 
tate, and  then  add  to  the  solution,  hydrochoric  (muriatic) 
acid,  just  sufficient  to  saturate  the  excess  of  potash:  a  pre- 
cipitate appears,  which  consisu  of  the  oxide  of  tellurium* 


TEIXUSHTM. 
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The  metal  majr  be  obtained  ftx>fn  the  oxide,  by  exposing  it,  CaAP.m. 

formed  into  a  paste  with  linseed  oil,  to  heat  in  a  retort*  -^ • 

Brilliant  metallic  drops  make  their  appearance  in  the  upper 
part  of  the  retort;  these  drops  consist  of  tellurium  in  a 
state  of  purity. 

II.  The  ores  from  which  tellurium  is  extracted,  have  Where 
heretofore  been  found  only  in  Transylvania.  t^nA. 

III.  In  1782  Muller  was  led  to  believe   that  the   white  Aeeoant  of 
gold  ore  (one  of  the  ores  of  tellurium)  contained  a  new  mc-  <*>"«>»«"T- 
taUt  different  from  all  others  at  that  time  known.  This  con- 
clusion was  completely  confirmed  in  1798  by  Klaproth. 

IV.  Tellurium  is  a  bluish  white  metal  of  a  laminated  Projpertlsi. 
texture,  possessing  considerable  brilliancy.  It  is  very  britde» 

and  may  be  easily  reduced  to  powder.  Next  to  mercury 
and  arsenic,  it  is  the  most  volatile  of  aU  the  metals* 

V*  Tellurium  is  somewhat  more  than  six  times  as  heavy  Spee.  mT. 
as  water.  •***•• 

VL  When  tellurium  is  exposed  to  the  action  of  the  blow-  Itt  eombitf- 
pipe,  upon  burning  charcoal,  it  takes  fire  and  burns  with  a  cribcdT" 
lively  blue  flame,  edged  with  green. 

VII.  Tellurium  combines  with  oxygen  in  one  proportion  Forms  one 
only,  and  forms  a  compound  possessing  acid  properties.  Dr.  ^^°f 
Thomson  calls  it  telluric  acid.  But  as  it  enters,  as  a  consti-^n,  wiUi 
tuent  into  neutral  salts,  sometimes  as  an  acid  and  some-  '^'^.P*^ 
times  as  a  salifiable  base;  it  would  perhaps  be  better  to  call  ^  '^ 
it  either  telluric  acid  or  oxide  of  tellurium,  according  to  the  It  wUibe 
part  which  it  may  perform  in  the  constitution  of  any  parti-  J^JJ^J^ 
cular  salt.  It  will  be  described  in  this  place  as  a  base. 

1.  Oxide  of  tellurium  may  be  formed  by  dissolving  the  oxide  of 
metal  in  aqua  regis,  and  diluting  the  solution  with  a  large  quan-  how^^^. 
tity  of  water:  a  precipitate  falls  which  consists  of  this  oxide,  ed. 

2.  Oxide  of  tellurium  has  a  white  colour.  When  exposed  Properties, 
to  heat,  it  melts  readily  into  a  straw-coloured  mass;  after 
fusion  if  the  heat  be  increased,  it  is  volatilized.    When 

made  into  a  paste  with  oil  or  charcoal  powder,  it  is  deoxi- 
dized with  a  kind  of  explosion. 

3.  It  is  composed  of  Compo^i- 

Tellurium  32  *^- 

Oxygen  8 

40 
This  oxide,  in  consequence  of  its  acting  the  part  of  an 
acid  in  some  salts,  will  be  noticed  hereafter  in  the  enume- 
ration of  the  acids. 

VIII.  Tellurium  combines  with  chlorine  and  forms  chlo- chloride  dt 
ride  of  tellurium.  It  is  easily  formed  by  introducing  the  tellurium. 
metal  into  chlorine  gas;  it  catches  fire  spontaneously,  and 

the  product  of  the  combustion  is  this  chloride. 
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BookL  1*  Chloride  of  teUurium  is  a  white  and  semitransparent 
Divisioo  I.  subatance*  When  heated  it  is  converted  into  vapour.  Wa- 
Properties.  ter  decomposes  it,  and  precipitates  the  tellurium  in  the  state 

of  oxide  combined  with  water. 
Compoai-        2.  This  chloride  is  composed  of 
***»•  Tellurium  32 

Chlorine  29-5* 

61-5 
Iodide.  IX.  Tellurium  combines  with  iodine,  when  brought  in 

contact  with  it.   The  iodide  thus  obtained,  forms  a  dark 

puiple-red  solution  in  water. 
TeiiariQm       X.  Tellurium  combines  with  hydrogen  and  forms  a  ga- 
51?™    seous  compound  called  telluretted  hydroeen.  This  gas  pos- 

•Md  com-  ^     *L  ^-1  _^-   '      r  ®  •  J  J       •« 

pound  withsesses  the  more  essential  properties  of  an  acid,  ^nd  will 
hydrogen,   be  described  hereafter  under  the  name  of  hydroteUuric  acid. 
Saipharet      XL  Tellurium  combines  by  fusion  with  sulphur;  and  the 
sulphuret  formed  has  a  leaden  colour. 

XII.  Tellurium  forms  no  important  alloys  with  the  me- 
tals already  described. 


CLASS  lY. 
BA8IFMBLE  COMBUSTIBLES. 

Bttifiabie  Basifiable  combustibles  have  already  been  defined,  to 
eombttrti-  be  those  combustibles  which  form  the  bases  of  neutral  salts, 
^es  e  D-  1^^^  j^  ^^  instance  acids,  by  combining  with  oxygen*  These 

combustibles  will  be  arranged  in  three  sub«>classes,  as  has 

been  already  mentioned. 

SUB-CLASS  I. 
ALKALIHABLB  COMBUSTIBLES. 

Firatsab-       This   sub-class   includes   those  basifiable  combustibles^ 
clan  of       which  form  salifiable  bases,  possessing  alkaline  properties, 
S^'tn?*'*'  ^y  combining  with  oxygen.    All  the  salifiable  bases  formed 
*  from  these  combustibles  change  vegetable  blues  to  green, 

with  more  orlcss  energy.   These  combustibles  are  the  fol- 
lowing: naively, 
eDomerat-       ^*  Potas^ium;  2.  Sodium;  3.  Lithium;  4.  Calcium;  5.  Ba- 
ed.  riuro;    6.  Strontium;  7*  Magnesium. 

These  substances  will  form  the  subjects  of  the  seven  fol- 
lowing sections. 

SECTION  I. 


OF  POTASSIUM. 


Potasimm:      I*  PoTAssiUM  may  be  obtained  by  the  following  process: 
how  obtain-  Bend  a  gun  barrel  in  such  a  form  as  that  its  ceutxal  portion 

oq. 
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fenn  a  curve  below  the  level  of  its  extremities*  Fill  Cm,  m. 

central  portion  with  a  quantity  of  turnings  of  iron  quite  " 
dean;  and  then  fix  the  gun  barrel  in  a  furnace  surrounded 
with  day  to  preserve  it  from  fusion.  Place  one  extremity  of 
the  barrel  a  little  higher  than  the  other.  Put  into  the  upper 
extremity  a  quantity  of  potash,  made  as  pure  and  diy  as 
possible;  and  then  adapt  to  it  a  curved  tube,  with  its  lower 
extremity  plunged  into  a  vessel  of  mercury.  Heat  that  part 
of  the  gun-barrel  which  contains  the  iron  turnings,  to  white-  ' 
ness;  and  at  the  moment  that  this  is  accomplished,  lute  a 
short  copper  tube  to  the  lower  extremity  of  the  gun-barrel, 
and  keep  it  as  cool  as  possible.  Things  being  thus  arranged, 
apply  a  sufficient  heat  to  the  upper  extremity  of  the  gun- 
barrel,  to  convert  the  potash,  contained  in  it,  into  vapour. 
The  potash  thus  vaporized  passes  through  the  iron  turn- 
ings, and  becomes  decomposed,  and  the  substance  called 
potassium  condenses  in  the  copper  tube.  As  soon  as  all  the 
potash  employed  has  been  converted  into  vapour,  which 
will  be  known  by  there  ceasing  to  be  any  farther  gaseous 
products,  the  heat  is  to  be  discontinued.  The  apparatus, 
after  having  its  ends  closed  with  luting,  is  then  tsdcen  from 
the  furnace  and  cooled  as  soon  as  possible.  The  substance 
called  potassium  will  be  found  in  the  copper  tube«  To  pre» 
serve  it  pure  it  must  be  kept  under  naphtha.* 

II.  Potash  is  composed  of  the  substance  under  descrip-  Espitn*. 
tion  and  oxygen.  The  explanation  of  the  above  process  is  ^^^^^* 
therefore  this:  the  potash  in  vapour,  by  coming  in  contact  ^""**^" 
with  the  iron  turnings  raised  to  a  white  heat,  is  instantly 
decomposed;  its  oxysen  combines  with  the  iron,  while  the 
potassium  liberated  irouk  combination  passes  on  and  con- 
denses in  the  copper  tube. 

III.  The  important  discovery  of  the  compound  nature  of  DiMOTcry. 
potash  was  made  in  1807,  by  Sir  H.  Davy,  by  the  agency 

of  galvanic  electricity.  The  process  just  described  is  an  out- 
line of  that  invented  by  Gay-Lussac  and.Thenard. 

IV.  Potassium  is  a  white  metal,  possessing  the  metallic  FrnptrUm, 
lustre  as  perfectly  as  mercury  or  silver.  At  the  temperature 

of  5(fi  it  is  soft  and  malleable;  at  136|^  it  is  perfectly  liquid;  . 
while  at  33^  it  is  hard  and  brittle.  When  thrown  into  water 
it  decomposes  that  liquid;  the  hydrogen  evolved,  carrying 
with  it  small  particles  of  the  metal,  catches  fire,  and  causes 
the  whole  of  the  potassium  to  bum  with  a  kind  of  explosion. 

V.  Potassium  is  lighter  than  water,  being  only  between  Spee.  grar. 
eight  and  nine-tenths  as  heavy  as  that  liquid.  ^^^- 

VI.  Potassium  combines  in  two  proportions  with  oxygen,  FomiBwidk 
and  forms  compounds  called  potash  and  peroxide  of  potas-  ?^ff!|'^nd 

*  Nftphdia  it  ft  fine  thb  eoloarlc^  gSy  wlwDh  comes  from  Penia. 
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Book  I.  mouif  The  former  is  formed  by  the  comtHiation  of  poUs- 
Diviaion  I.  gimn  in  atmospheric  air.  It  will  receave  a  fteparale  conside-' 
ration  under  the  head  of  alkaline  sali&able  bases;  the  latter 
^ill  be  noticed  in  this  place, 
peroxide  of  1,  Pcroj^idc  of  potassium  is  formed  by  heating  potassium 
Eow  oirtjao.  i^  P^''^  oxygen  gas*  A  vivid  combustion  takes  place,  and 
ed.  the  potassium  combines  with  a  larger  dose  of  oxygen,  than 

by  combustion  in  the  open  air* 
DiMOTerjr.       2«  Peroxide  of  potassium  was  discovered  in  1810,  by 

Gay*Lussac  and  Thenard. 
Propertiei.      3*  It  is  a  solid  body,  of  a  yellow  colour*    When  thrown 
into  water,  it  parts   with  so  much  oxy^n  as  to  convert  it 
into  potash*    When  brought  into   contact  with   sulphur, 
phosphorus,  or  carbon  and  the  temperature  raised,  com* 
bustion  takes  place;  these  bodies  become  acidified,  and  thus 
changed,  unite  to  the  peroxide  now  reduced  to  the  state  of 
potash.   Under  similar  circumstances,  it  converts  sulphu- 
rous acid  and  protoxide  of  azote  into  sulphuric  acid  and 
nitric  acid  respectively* 
Chloride  of     VII*  Potassium  combines  with  chlorine,  and  forms  chlo* 
po*""">"^  ride  of  potassium* 

CHLOItlDB  OF  POTASSIUM. 

Usually  called  MuriaU  of  Pataah.'^Febrifiut  or  JHgettvoe  SdU  of  Sylviai. 

Ji^gwnerated  Sea  Salt  or  Boeibaafo. 

iiow  dbtidn-     1*  Chloride  of  potassium  may  be  obtained  by  saturating 

el  potash  with  hydrochloric  (muriatic^  acid,  and  exposing  the 

compound  formed  to  a  red  heat*  The  chlorine  of  the  acid* 
combines  with  the  potassium  of  the  potash,  while  the  hydro- 
gen of  the  former  and  oxygen  of  the  latter  unite  and  form 
water*  The  exposure  to  a  red  heat  of  the  compound  has  the 
eflpect  of  driving  oiF  the  water  in  a  state  of  vapour;  so  that 
nothing  then  remains  but  chloride  of  potassium. 

Another         2*  Another  method  for  obtaining  this  chloride  is  to  heat 

method,  potash  in  chlorine*  The  chlorine  combines  with  the  potas- 
sium of  the  potash,  while  the  oxygen  of  the  latter  is  disengag- 
ed* It  is  also  formed  wh^i  potassium  is  burnt  in  chlorine 
gas;  the  combustion  is  attended  with  a  brilliant  red  flame* 

Properties.  3*  Chloride  of  potassium  has  a  white  colour,  and  a  taste 
resembling  that  or  common  salt,  but  more  inclined  to  bitter* 
It  is  not  altered  by  exposure  to  the  atmosphere* 

Corapoii-        4*  It  is  composed  of 

tMtk.  Potassium  40 

Chlorine  36 

re 

*  The  reader  tl  pretamed  to  be  acquainted  with  the  'constituents  of  hydro- 
•Mono  acid;  they  haring  been  ncntioned  under  the  head  of  hydrogtOi  p.  90> 


POTASSKTlf.  .  U 

5.  CUoride  of  potassium  was  formcriy  used  in  Biodkiae  Our.  m. 
as  a  sudorific;  but  at  present  it  has  gone  entirely  put  of  use."  ** 

VIII.  Potassium  combines  with  iodine  and  forms  iodide  Iodide  of 
of  potassium..  It  may  be  formed  by  causing  the  vapour  of  P^**"*^™' 
iodine  to  come  in  contact  with  potassium;  the  metal  takes 

fire  and  bums  with  a  violet  coloured  flame,  and  this  iodide 
is  formed  as  the  product  of  the  combustion.  It  is  in  the 
form  of  crystals  possessing  a  pearly  lustre.  It  dissolves 
readily  in  water.  Its  exact  composition  has  not  been  ascer- 
tained. 

IX.  Potassium  combines  with  hydrogen  and  forms  the  Hydnu^i 
compound  called  hydruret  of  potassium.    It  may  be  ob-?fP<i***- 
tained  by  heating  the  metal  in  hydrogen  gas.  It  is  a  grey 
substance  destitute  of  metallic  lustre.  It  is  infusible  in  any 

heat  to  which  it  has  as  yet  been  exposed.  It  does  not  bum  Properties 
spontaneously  either  in  common  air  or  oxygen  gas.    It  de- 
composes water,  and  is  converted  into  potash,  while  its  hy- 
drogen, together  with  that  furnished  by  the  water,  is  evolved. 
It  was  discovered  by  Gay-Lussac  and  Thenard. 

X.  Potassium  exerts  no  action  upon  azote;  but  when  PoCiMimn 
heated  in  the  protoxide  of  azote  (nitrous  oxide),  it  takes  ^™jJ17^*'* 
fire  and  combines  with  oxygen  in  the  proportion  to  form  protoude 
peroxide  of  potassium.  of  «a€*e, 

XI.  Potassium  is  not  known  to  have  any  action  upon  and  aiao 
carbon;  but  when  heated  in  carbonic  oxide,  it  catches  fire,  ^^jJJI*®'"** 
and  is  converted  into  potash  by  combining  with  the  oxygen 

of  this  gas,  while  its  carbon  is  deposited. 

XII.  Potassium  combines  with  phosphorus  and  forms  Plioiphiiret 
phosphuret  of  potassium.    It  is  easily  prepared  by  heating  °f  P®^"" 
its  constituents  in  contact  with  each  other.  Their  combina- 
tion is  attended  by  the  emission  of  a  weak  light.    It  is  of  a 
chocolate  colour.    It  bums  readily  in   the  open  air;    and 

when  thrown  into  water,  a  kind  of  detonation  is  produced 
in  consequence  of  the  rapid  evolution  of  hydroguret  of 
phosphorus  (phosphuretted  hydrogen).  It  is  composed  of    CompoH« 

Potassium  40  **«»• 

Phosphorus         12 

52 

XIII.  Potassium  combines  with  sulphur  and  forms  sul-  Solpharec. 
phuret  of  potassium.  It  may  be  obtained  by  heating  toge« 

ther  its  constituents;  an  intense  chemical  action  occurs,  at- 
tended by  all  the  phenomena  of  a  violent  combustion,  and 
the  product  is  this  sulphuret.  It  is  of  a  dark  grey  colour.  Properties. 
When  thrown  upon  water,  it  acts  upon  that  liquid  with 
great  energy,  and  hydrosulphuric  acid  (sulphuretted  hydro- 
gen) is  evolved.  Although  a  proddct  of  combustion,  it  is 
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Book  l   Beveitheless  capable  of  undergoing  that  process,  by  which 
PiTiwmL  i^   jg  converted  into  sulphate   of  potash;    its  ingredients 
first  uniting  with  oxygen  and  afterwards  combining  with 
Compoii-    each  other.  Sulphuret  of  potassium  is  composed  of 
*^-  Potassium  40 

Sulphur  16 

56 
XIV.  Potassium  forms  no  important  alloys  with  the  me- 
tals already  described. 


SECTION  II. 

OF  SODIUM. 

Sodium:         I.  SoDiOM  may  be  obtained  from  pure  soda  by  a  process 
^^*^**^' precisely  similar  to  that  just  described  for  obtaining  potas« 
Slum.   It  may  be  obtained  also  by  exposing  a  mixture  of 
dry  common  salt  and  potassium  to  heat  in  a  close  vessel. 
The  salt  is  decomposed  and  sodium  appears.  The  explana- 
tion of  the  latter  process  for  obtaining  sodium  is  this.  Com- 
mon salt  is  a  compound  of  chlorine  and  sodium.  When  this 
compound  is  heated  in  mixture  with  potassium,  its  chlorine 
combines  with  the  potassium,  forming  chloride  of  potassium; 
while  the  sodium  liberated  from  combination  appears  in  its 
pure  state. 
Ditooreiy.       II.  Sodium  was  discovered  in  1808  by  Sir  H.  Davy  as  a 
constituent  in  soda,  which  substance  this  chemist  first  de- 
composed by  the  agency  of  galvanic  electricity. 
Propertiet.      III.  Sodium  ijB  a  metal  of  a  white  colour,  intermediate 
between  that  of  silver  and  lead.  At  the  common  tempera- 
ture of  the  atmosphere,  it  is  soft  and  malleable.  Its  fusing 
point  is  at  the  temperature  of  194^. 
Speo.  grav.     IV.  It  is  very  nearly  as  heavy  as  water. 
FoHM^      V.  Sodium  bums  in  the  open  air  when  sufficiently  heated, 
by  oombat-  and  combines  with  oxygen.  The  product  of  the  combustion 
^•od^''  is  soda;  soda  therefore  is  an  oxide  of  sodium.  Soda  is  also 
formed  when  sodium  is  exposed  to  the  open  air;  the  surface 
of  the  metal  being  converted  into  soda,  by  the  decomposi- 
tion of  the  moisture  of  the  atmosphere.  When  sodium  is 
thrown  into  water,  this  liquid  is  decomposed,  hydrogen  is 
evolved,  and  it  is  converted  into  soda.    Soda  will  receive  a 
separate  consideration  under  the  head  of  alkaline  salifiable 
bases.  Besides  soda,  sodium  forms  another  oxide  by  com- 
bining with  a  larger  dose  of  oi^gen  than  exists  in  soda;  this 
compound  is  called  peroxide  o^  sodium,  and  will  be  noticed 
in  this  place. 


SODIUll  jj 

1.  Peroidde  of  aodium  may  be  formed  l^  heating  sodium  Ckip.  m. 
10  oxygen  gas;  die  metal  takes  fire  and  bums  with  great  peroxuieaf 
splendour.  The  product  of  the  combustion  is  this  peroxide.  Mtiium  by 
It  is  of  a  dirty  greenish  yellow  colour*  When  thrown  into  JJ^!!!^ 
water,  it  gives  on  so  much  of  its  oxygen  as  to  be  reduced  ga*. 
to  tlie  state  of  soda*  It  was  discovered  by  Gay-Lussac  and 
Thenard*  It  is  composed  of  S?**"' 

Sodium  48  ^ 

Oxygen  24 

72 
VI*  Sodium  combines  with  chlorine  and  forms  chloride 
of  sodium* 

CHLORIDE  OF  SODIUM. 
XTnudly  odled  Muriate  o/  /Siodb.— Commoo  ntmet^  Cmnmon  StUt.'^Sea  Salt, 

1*  Chferide  of  sodium  may  be  obtained  by  saturating  com-  Chloride  d 
men  soda  (carbonate  of  soda)  with  hydrochloric  (muriatic)  H^'SL;,, 
acid.  Its  formation  in  this  case  takes  place  in  consequence  ed. 
of  a  double  decomposition*  The  carbonic  acid  of  the  carbo- 
nate is  liberated  and  flies  off  in  the  form  of  gas;  the  chlo- 
rine of  the  hydrochloric  acid  combines  yrith  the  sodium  of 
the  soda;    while  the  hydrogen  of  the  former  uniting  with 
the  oxygen  of  the  latter,  forms  water*  It  may  be  obtained 
however  free  from  water  by  burning  sodium  in  chlorine 
gas*  The  combustion  is  vivid,  and  attended  by  the  emission 
of  bright  red  sparks*  The  dry  chloride  also  may  be  obtained 
by  passing  a  current  of  chlorine  gas  over  soda  previously 
heated  to  redness:  the  chlorine  combines  with  the  sodium 
of  the  soda,  while  its  oxygen  is  set  free* 

S*  Chloride  of  sodium  has  been  known  from  the  earliest  Raseuebei. 
ages;  but  it  has  only  been  by  very  gradual  steps  that  its  jjj^^jj^ 
true  nature  has  been  ascertained.  Glauber  knew  that  hydro-  natuvc. 
chloric  (muriatic)  acid  could  be  obtained  from  it,  and  Stahl 
asserted  that  its  base  was  alkaline*  Duhamel  ascertained 
that  the  base  which  appeared  upon  its  decomposition  was 
soda,  and  distinguished  it  from  potaish*  From  these  facts, 
common  salt  was  supposed  to  be  proved  to  consi$t  of  hy- 
drochloric (muriatic)  acid  and  soda;  and  it.  had  never  been 
suspected  that  these  alleged  constituents  did  not  exist  in  it, 
but  were  in  fact  the  results  of  new  combinations,  occurring 
during  its  decomposition,  before  Sir  H*  Davy  made  the 
remarkable  discovery,  that  oxymuriatic  acid  (chlorine)  as 
yet  was  an  undecompounded  substance;  which  lead  the  way 
to  the  ascertaining  of  the  true  nature  of  the  compound  un- 
der consideration* 


55  BASIFIABL0  C|OMBUSTIBLES. 


Book  I.  3*  The  processes  just  giyeo  for  obteinhig  cMoride  of 
DifisionL  sodium  (common  salt)  are  merely  for  the  purpose  of  iHus- 
CU^e  ^f  tratiag  its  composition.  The  chemist  has  no  occasion  to 
eunabwi^  resort  to  them;  as  this  chloride  occurs  abundantly  native  in 
dantiy  na-  all  parts  of  the  world*  It  occurs  in  masses  forming  the 
^^'  chief  part  of  some  mountains.  It  is  found  also  in  solution, 

in  springs^  and  lakes,  but  particularly  in  the  ocean*    The 
principal  salt  mines  are  found  in  Poland,  Hungary,  England 
and  Spain.  That  near  Cracow  in  Poland  has  been  worked 
ever  since  the  year  1251.    Salt  springs  are  found  in  almost 
all  parts  of  the  world.    Salt  lakes  are   almost  peculiar  to 
Russia. 
Ita  extrao-       4.  Chloride  of  sodium  (common  salt)  is  obtained  from 
tion  from     i^g  vaHous  sources  by  difierent  kinds  of  management.  It  is 
aD<i  mU^  extracted  from  salt  mines  in  blocks.  If  sufficiently  pure  all 
•prinn  dea-  that  is  necessary  is  to  pound  it  for  use;  oth(  rwise  it  must 
•****■*       be  purified  by  solution  and  cr}'stallization.    When  it  occurs 
in  nature  in  solution,  it  is  extracted  by  evaporation.  If  the 
water  contain  15  per  cent,  of  salt,  it  is  generally  exposed  to 
artificial  heat  in  a  series  of  large  shallow  iron  pans  for  eva- 
poration. It  deposites  the  principal  impurities  in  the  first 
pans;  and  by  the  time  that  it  has  arrived  at  the  last  pan  in 
the  series,  the  liquid  is  a  saturated  and  tolerably  pure  solu- 
tion of  common  salt.  The  salt  precipitates,  and  is  raked  out 
and  placed  to  drain  on  an  inclined  plane,  at  the  edge  of  the 
last  evaporating  pan. 

If  a  salt  spring  contain  but  a  small  portion  of  salt,  it  may 
cause  too  great  expense  in  fuel  to  extract  it  by  the  method 
of  artificial  heat.  In  this  case,  it  is  brought  to  the  requisite 
strength,  which  is  considered  to  be  that  of  containing  30 
per  cent,  of  salt,  by  means  of  an  operation,  called  graduat- 
ing. This  consists  in  pumping  up  the  brine  to  the  height  of 
nine  or  ten  yards,  and  allowing  it  to  fall  upon  a  pile  of  fag- 
gots, upon  which  it  is  distributed  by  means  of  troughs. 
There  is  a  reservoir  below,  to  receive  the  brine  as  it  fdls. 
This  management  has  the  effect  of  exposing  the  brine  to 
the  air,  minutely  divided;  whereby  evaporation,  the  sole 
object  of  the  process,  is  greatly  increased.    The  brine  is 
pumped  up  again  and  again,  and  allowed  to  fall  over  the 
laggots,  until  it  has  acquired  the  requisite  concentration.  It 
is  then  subjected  to  evaporation  by  artificial  heat. 
6ei-water       A  great  deal  of  common  salt  is  extracted  from  sea-water 
^'^"i^dMr  ^^  evaporation.  This  water  contains  between  two  and  three 
S^eommoQ  pcr  Cent,  of  common  salt.   After  being  first  concentrated  in 
^^  large  reservoirs,  by  evaporation  in  the  sun,  until  it  contain 

about  30  per  cent,  of  salt,  it  is  subjected  to  iirtificial  evapo- 
ration. 


5.  Cy«ride  of  aodium  (c(»ittions«it)fc>>lhew0HkBowa  ctAiim. 
taste,  which  b  distingaUhed  by  the  epidiet  «aft«  It  crytlal*  ciLiorUe  oC 
lizes  in  cubes.  It  diaaolves  in  aimat  3*8  parts  of  cold  water,  ^|y  ^^ 
and  in  about  3*7  parts  of  boiling  water.    When'  somewhat*"*^ 
heated,  it  decrepitates;  at  a  red  heat  it  melts;  and  at  a  white 

heat  it  evaporates,  without  undergoing  decomposition)  in  the 
form  of  a  white  smoke*  When  pure  it  is  not  affected  bjr 
exposure  to  air;  but  if  contaminated  by  chloride  of  magne- 
Slum  (muriate  of  magnesia^  it  becomes  deliquescent.  Hence 
moistness  in  common  salt  is  an  indication  of  impurity.  It  is  SpM.  ^tw. 
somewhat  more  than  twice  as  heavy  as  water.  ^^^^ 

6.  It  b  composed  of 

Sodium  34 

ChloHne  56 

60 

7*  Chloride  of  sodiam  (common  salt)  is  of  imoMise  uti-  Ifti 
li^  to  mankind.  It  would  appear  that  man,  as  well  as  att 
phytivorous  animals,  have  an  instinctive  relish  for  it  as  an 
article  of  food.  It  is  unquestionably  a  strong  and  very  grate- 
ful stimulus  to  the  stomach,  exciting  that  organ  and  pro- 
moting the  process  of  digestion.  It  is  one  of  the  most  pow- 
erful antiseptics  known.  By  means  of  it  the  flesh  of  animals 
may  be  preservedf  fit  for  food,  for  any  length  of  umc^  This 
property  i^  oammon  salt  makes  it  invaluable  to  mankind. 

8*  In  medicine,  chloride  of  sodium  (common  salt)  is  altf  uMmi 
very  useful  sub^smce.  In  active  tuemorrha^ies  of  the  lungs  *  n^>^** 
and  stomach)  it  is  one  of  the  most  efficacious  and  prompt 
remedies  that  can  be  used.  In  such  cases,  it  may  be  given 
dry  in  the  4oae  of  a  table  spoonfuL  It  is  abo  weU  suited  to 
some  cases  of  worms  in  children*  In  solution  it  forms  the 
salt  bath)  which  is  a  very  useful  remedy  in  many  dneases. 
It  is  particularly  useful  in  the  scrofulous  habit;  in  chronic 
cruptionif  and  in  short  in  aU  diseases,  in  which  it  is  czpe* 
dient  to  excite  the  vesseb  on  the  surface. 

VII.  Sodium  does  not  act  upon  azote;  but  when  heated  Sodtum 
in  protoxide  of  azote  (nitrous  oxide),  it  combines  with  a  ^!^^^ 
maximum  of  oxygen  and  is  converted  into  peroxide  of  ofttote* 
so<tium. 

VIIL  Sodium  has  no  action  on  carbon;  but  when  heated  ind  b  wr* 
mcaii>onie  oxkle  gas,  it  ukes  fire  and  b  converted  into  ^^^i^  ^xiite. 
aoda,  carbon  being  deposited. 

IX.  When  sodium  and  phosphorus  are  brought  in  con-  Pharohar«t 
tact,  they  comb'me  with  the  embsion  of  a  fee blc  Hght.  The  «f  «»*«»• 
result  ox  the  combination  is  phosphuret  of  sodium.    It  has 
the  colour  and  appearance  of  lead.    When  exposed'to  the 
open  air,  or  thrown  into  water,  it  combines  with  oxygen  in 

H 
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Bmk  I.   sttch  a  way  as  to  be  converted  into  phosphate  of  soda*  It  is 
DivMkmL  composed  of 

Sodium  24 

Phosphorus        12 

36 
Siiipbaret  X.  Sulphuret  of  sodium  may  be  formed  by  bringing  its 
of  •odium,  constituents  in  contact.  The  union  is  attended  by  the  charac- 
teristic phenomena  of  combustion;  there  being  much  heat 
and  light  emitted.  It  has  a  deep  grey  colour.  When  heated 
in  the  open  air^  it  takes  fire  and  is  converted  into  sulphate 
of  soda.  It  is  composed  of 

Sodium  24 

Sulphur  16 

40 
XL  Sodium  forms  no  important  alloys  with  the  metals 
already  described. 


SECTION  IIL 

OF  LITHIUM. 

Lltiiiinii^  I.  LiTHitTM  is  the  name  proposed  to  be  given  to  the 
ndi^oof'^ peculiar  metallic  substance,  obuined  by  Sir  H.  Davy,  upon 
lithU,anew  the  decomposition  of  lithia,  a  new  alkaline  salifiable  base, 
^^  discovered  about  the  beginning  of  the  year  1818,  by  Mr. 
bMo.  ^  Arfwedson,  a  young  Swedish  chemist,  and  a  pupil  of 
Berzelius. 

II.  Lithium  has  considerable  resemblance  to  sodium. 
The  only  combination  into  which  it  is  known  to  enter,  is 
that  with  oxygen;  whereby  it  forms  lithia.*  The  alkaline 
nature  of  its  oxide  makes  it  proper  to  arrange  it  among  the 
alkalifiaUe  combustibles.  Lithia  will  be  noticed  hereafter* 


SECTION  IV. 

OF  CALCIUM. 

Cd«iams        L  Calcium  may  be  obtained  by  exposing  mercuy  to 
Jj^  **•"*"  negative  electricity  in  contact  widi  pure  lime.  The  lime  is 
decomposed  and  its  base  calcium  is  found,  in  the  state  of 
an  amalgam.   The  calcium  may  be  separated  from  the  mer- 
cury by  disdllation  in  the  vapour  of  naphtha. 


*  See  Annals  oT  PUlQfoph7,yolt.  zi.  udxtt.  (1118.) 


CALOIUM.  5<9 

II.  WUle  Sir  H.  Davy  was  pursuing  his  experiments  CaA>.iiL 
upon  Ume,  in  order  to  decompose  it,  to  which  he  was  led  lu  ditoore^ 
by  his  previous  discovery  of  the  metallic  radicab  of  potash  >7- 
and  soda;  he  received  a  letter  from  Berzelius,  in  which  the 
Swedish  chemist  communicated  the  information,  that  he 
had,  in  conjunction  with  Dr.  Pontin,  succeeded  in  decom- 
posing this  substance,  and  obtaining  its  radical  in  asute  of 
combination  with  mercury. 

'  III.  Calcium  has  been  but  very  imperfecdy  examined.  PMpcrtief^ 
It  is  a  solid  metal  of  a  white  colour,  resembling  that  of  ail** 
ver.  It  possesses  considerable  weight. 

IV.  When  calcium  is  heated  in  the  open  air,  it  bumsBansintlM 
brilfiantly,  and  the  product  of  the  combustion  is  pure  lime,  jy ''^ 
Lime  will  be  considered  hereafter  as  an  alkaline  salifiable  Uom. 
base.  Calcium  has  been  lately  ascertained  by  Thenard  to 

be  capable  of  combining  with  more  oxygen  than  exists  in  J"  ^P*^ 
lime.   This  combination  may  be  effected  by  adding  lime  ^  p^jl^Sf 
in  excess  to  superoxidized  hydrochloric  acid.*  The  oxygen 
existing  in  the  acid  becomes  transferred  to  die  lime  and 
Aereby  forms  a  peroxide  of  calcium«t 

V.  Calcium  combines  in  one  proportion  widi  chlorine|Gtf^m 
and  forms  chloride  of  calcium.  ^SS^"^ 

CHLORIDE  OF  CALCIUM.  2wmJ*' 

Usual  ehemiMl  nam^'^Maiate  of  Limt. 
Old  namet— /YjnpJ  Sal  Ammaniac'^Calcareoua  Marine  Salt, 

1.  Chloride  of  calcium  may  be  obtained  by  saturating  Thii  dUo- 
carbonate  of  lime  fchalk)  with  hydrochloric  (muriatic)  acid.  !jf^^^ 
The  carbonic  acid  is  evolved;  the  oxygen  of  the  lime  com- 
bines with  the  hydrogen  of  the  hydrochloric  acid,  so  as  to 

form  water;  while  the  calcium  of  the  former  and  the  chlo- 
rine of  the  latter  unite  to  form  the  chloride.  It  may  be  ob- 
tained also  by  heating  lime  in  chlorine  gas.  The  lime 
becomes  decomposed;  its  calcium  combines  with  the  chlo- 
rine, while  its  oxygen  is  set  free. 

2.  Chloride  of  calcium  has  a  very  bitter  and  pungent  iti  proptf- 
taste.   It  is  very  deliquescent  and  very  soluble.  It  can-^^ 

not  be  easily  obtained  in  crystals.  When  exposed  to  a 
violent  heat,  a  portion  of  hydrochloric  (muriatic)  acid  is 
exhaled,  which  owes  its  formation  to  the  decomposition  of 
water.  The  chloride  thus  altered,  has  the  property  of  shin- 


*  Hieowd  hat  very  lately  naad*  the  eitraordiuiy  diMorenr  that  fagrdroohlofie 
(mnriatie}  tM,  ai  well  as  maoj  other  aoids,  u  oaoaUe  of  oombiniog  with  m. 
Bamber  of  doaes  of  osygen.  The  peenUar  method,  wnieh  this  ehemiat  firaetiaed 
to  effeet  theae  eombioatioiit,  will  be  mentkKied  snder  the  beads  of  the  diffcreiit 
aaidt  reapeetirdj. 

t  ThemsQ^a  A«ula.  (JiO.  1U90 


^  BASIFIABLB  COiCBTOTlBLBS. 

Book  I.  iag  ID  the  dark,  as  Homberg  first  observed^  and  is  osuallf 
^^^^^"•^'-  caUed  the  phosphorus  of  Hombei^* 
CooipcMi-       3.  CIdoride  of  cakium  is  composed  of 

Calcium  21 

Qdoriiie  36 

S7 
}f^^         4.  Chloride  of  calcium  in  a  state  of  solution,  under  the 
name  of  the  water  of  muriate  of  Ume^  has  been  recom- 
mended by  several  physicians  in  scrofula  and  other  glandu* 
lar  diseases.  The  average  dose  for  children  is  fioixtf  drops, 
and  for  adults  a  drachm  repeated  twice  or  thrice  a  day* 
icdidtof        VI,  Calcium  combines  with  iodine,  and  forms  iodide  of 
""  calcium.    It  may  be  obtained  by  saturating  lime  with  by- 

driodic  acid,  and  exposing  the  compound  formed  to  a  strong 
heat*  In  the  first  instance  there  is  formed  diis  iodide  and 
water,  by  a  new  binary  arrangeoMnt  of  the  constituents  of 
the  acid*  and  of  the  lime.  The  water  formed  is  then  driven 
off  by  the  strong  beat  whidi  is  directed  to  be  employed. 
The  properties  and  composition  of  diis  iodide  have  not  been 

madedtit. 


-SECTION  V- 

OF  BARIUM. 

Btrktm;  I*  BARIUM  may  be  obuined  by  submitting  barytes  to  the 
how  obtaNi- same  electrical  agency  by  which  lime  is  decomposed.  It 
^  has  been  obtained  by  Dr.  Clarke,  by  exposing  barytes  to  the 

intense  heat  produced  by  the  combustion  of  a  stream  of 
oxygen  and  hydrogen  gases,  mixed  in  the  requisite  propor- 
tion to  form  water, 
iti  proper*      II*  Barium  is  a  solid  metal  of  the  colour  of  silver.   It 
^>^  melts  at  a  temperature  below A^dness;  but  is  not  volatilized 

by  a  heat  capable  of  producing  the  fusion  of  plate  glass.  It 
sinks  rapidly  in  water,  and  is  at  least  four  or  five  times  as. 
heavy  as  an  equal  bulk  of  that  liquid. 
It  feraM         III.  Barium  .combines  in  two  proportions  with  oxygen, 
^•^  S^*-  ^^'^  forms  barytes  and  peroxide  of  barium.  Barium,  when 
SsMid Mr-  exposed  to  the  air,  absorbs  oxygen  and  is  converted  into 
vide  of      barytes.  When  thrown  into  water,  it  decomposes  this  li- 
"""^      quid  with  great  rapidity,  and  is  converted  into  the  same 
idkaline  body;  hydrogen  being  at  the  same  time  evolved. 


*  The  reader  it  preiamed  to  be  eeoiuiinted  with  the  eoottitnentt  oCliTdriodis 
Mid;  thej  bavins  been  menCioiied  onoer  Uie  hirtlof  hydinim^  p.  Ml 
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Birytes  will  be  coMadered  hcreifttr  Uttder  Ae  head  of  id-  Cuaul 
kaUnc  salifiable  bases*  Tlie  peroxide  of  barium  will  be  oo-  — *— * 
deed  io  this  place* 


1.  Peroside  of  barium  aiay  be  fiormed  by  heatiiig  dry  The  pens- 
barium  in  osn^gen  gas*   The  fpB  is  absorbed  very  n^ndly,|^^^^ 
wtdiout  the  emission  of  any  li|^t*    It  may  be  formed  alsO| 
by  adding  barytes  in  excess  to  superoxidixed  hydrochloric 
acid.  The  oxygen  of  the  add  is  transferred  to  the  barytes, 
which  preci|Mtates  in  the  state  of  peroxide** 

S*  This  peroxide  has  a  grey  colour*  When  thrown  into  Proptrtiai. 
water,  ic  separates  from  sq  much  of  its  oxygen  as  to  be 
converted  into  bar]rtes*  When  heated  in  hydrogen,  a  rapid 
adbsoqition  of  the  gas  tdtes  place,  accompanied  by  the  emis- 
sion of  sparka  from  the  peroxide*  Iti  exact  composition  has 
not  been  aecertaiaed. 

IV*  Barium  oonAines  in  one  propordon  with  chlorine,  Bnmm 
and  forms  chloride  of  barium*  moaL 

I*  CUorideaf  barinm,  usually  caHed  mtirifl^  efbmytes^ 
nmy  he  prepared  very  eaaily,  by  saturating  carbonate  of 
baiy tea  widi  hydrochloric  (muriatic)  acid.  The  carbonic 
acid  is  liberated,  and  the  consdtuents  of  the  barytes  and 
the  acid,  unite  in  such  a  way  as  to  form  the  chloride  in 
question  and  water*  It  may  be  formed  also  by  heating  ba« 
lytes  in  chlorine*  The  buytes  becomes  decomposed;  its 
barium  combines  with  the  chlorine,  while  its  oxygen  is 
evolved. 

%m  Chloride  of  barium  has  a  pungent  and  disagreeable  Ittprapei^ 
taste*  It  dissolves  in  2^dis  of  its  weight  of  either  hot  or  ^^ 
cold  water*  It  is  not  altered  by  exposure  to  the  air*  When 
exposed  to  a  heat,  gradually  increased,  it  first  decrepitates, 
ihen  dries,  and  afterwards  melts;  but  no  heat,  to  which  it 
hss  hitherto  been  exposed,  is  capable  of  effecting  its  decom- 
position* 
3*  It  is  composed  of  Coopoii- 

Barium  70  *»• 

Chlorine  36 

106 
4.  Chloride  of  barium  exerts  a  very  powerful  action  upon  It  n  aetiTe 
the  animal  economy*  When  taken  into  the  stomach  in  suf-  V'^^^- 
ficient  quantities,  applied  to  the  skin,  or  injected  into  the 
veins,  it  produces  death  very  qaickly«f  Its  poisonous  qua- 
lities, however,  have  not  prevented  its  use   in  medicine. 


*  Anvali  ofPluloiopbT,  (Jan.  ItI9.} 

t  See  Nanerede'i  abr(^;ment.«f  OHIIa'i  work  on  PoUoiis,  p.  If  7. 


^  BASIFIABLH  CKHCIIUSTIBLBS. 

Book  l  Given  in  solution,  in  three  times  its  weight  of  water,  in 
^^^^**"  ^'  doses  of  from  five  to  ten  drops,  cautiously  increased,  it  ia 
said  to  have  been  found  useful,  as  a  deobstruent,  in  remov- 
ing scrofulous  and  other  tumours.  It  has  also  been  used  in 
worms,  and  as  an  external  application  in  cutaneous  erup- 
tions. But  from  the  present  limited  knowledge  of  the  powers 
of  this  chloride,  much  cannot  be  expected  firom  its  use.  Its 
extreme  activity,  however,  points  to  the  propriety  of  ascer- 
taining the  exact  operation  which  it  exercises  on  the  human 
system,  when  taken  in  small  doses.  This  once  known^  it 
might  afterwards,  perhaps,  be  employed  in  a  number  of 
diseases  upon  sure  principles. 
lodMo  oT  V.  Barium  is  capable  of  forming  an  iodide.  It  may  be 
^tttem.  obtained  by  passing  hydriodic  acid  over  barytes,  at  the 
temperature  of -^4^.  The  barytes  becomes  red  hot,  suffers 
decomposition,  and  tbe  resulting  compound  is  'iodide  of 
barium.  It  may  be  formed  also,  by  saturating  barjrtes  with 
hydriodic  acid,  and  exposing  the  compound  formed  to  a 
red  heat.  In  the  first  instance  an  iodate  of  barytes  is  formed; 
this,  by  the  subsequent  exposure  to  heat,  is  converted  into 
iodide  of  barium  which  remains  fixed,,  and  water  which  ia 
driven  off  in  the  form  of  vapour* 


SECTION  VI. 

OF  STRONTIUM. 

Stnntittm;      I*  Strontium   was   obtained  by  Sir   H,   Davy,  from 
kowobuin-strontian,  by  the  same  means,  which  were  employed  in  the 

decomposition  of  lime  and  barytes. 
Its  proper-      II.  it  is  a  solid  white  metal,  considerably  heavier  than 
^^  water;  and  having  a  close  resemblance  to  barium. 

FonntvUh     HI*  When  Strontium  is  exposed  to  air  or  thrown  into 
0K7K«n,      water,  it  combines  with  oxygen  and  is  converted  into  stron- 
imd  perox-  tian.  This  oxide  of  strontium  wUl  be  described  hereafter  as 
ideofstroa-an  alkaline  salifiable  base.  Strontium  is  capable  of  forming 
^^^"^         a  peroxide,  as  Thenard  has  lately  ascertained.  It  was  ob- 
tained by  this  chemist  by  adding  strontian  in  excess  to 
superoxidized  hydrochloric  acid;  the  strontian  abstracts  the 
excess  of  oxygen  from  the  acid  and  falls  down  as  a  per- 
oxide.* 
Chloride  of     IV.  Strontium  combines  with  chlorine,  and  forms  chloride 
utroDtiiiin.  of  Strontium,  usually  called  muriate  of  strontian. 


•  AnnaU  of  FluloMphy,  (Jan.  1819.) 
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1*  This  chloride  may  be  obtauned  by  satunting  car-  Cbav.ul 
bonate  of  strandaii  with  hydrochloric  (muriatic)  acid.    It^^^^ — 
is  formed  in  consequcDce  of  a  similar  decomposition  tb  tained. 
that  which  takes  place  in  the  formation  of  the  chlorides  of 
calcium  and  of  barium,  as  already  given. 

Urn  It  may  be  formed  also  by  heating  strontian  in  chlorine  Anothw 
gas:  the  chlorine  combines  with  the  metallic  base  of  the"^^^^^- 
atrontian,  while  oxygen  is-  evolved* 

3.  Chloride  of  strontium  has  a  peculiar,  sharp,  penetrating  iVnpiiiiiii 
taste.  It  dissolves  in  two-thirds  of  its  weight  of  cold  water; 

but  without  limit  in  boiling  water.  It  is  nearly  one  and  a  Spee.  ««▼. 
half  times  as  heavy  as  water.  ^'^ 

4.  It  is  composed  of  ComiKKU. 

Strontium  44  tm.^^ 

Chlorine  36 

80 

V.  Strontium  combines  with  iodine,  and  forms  iodide  of  iodide  cC 
strontium.    This  iodide  may  be  obtained  by  saturating '^'^^^'^ 
atrondan  with  hydriodic  acid,  and  exposing  the  compound 
formed  to  a  violent  heat  in  a  close  vessel.   The  hydrio- 
date  of  strontian  is  first  formed,  which,  by  the  subsequent 
c]q)osure  to  heat,  is  converted  into  the  iodide  in  question. 


SECTION  VII. 

OP  MAGNBSnTM. 

I.  Sir  H.  Davy  first  obtained  this  substance  from  mag-  ifagMtiam 
neaia,  by  subjecting  it  to  the  same  galvanic  agency  byjj^^^^];*' 
which  bary  tes  and  lime  had  been  decomposed.  H.  ^yy. 

II.  Magnesium  is  a  solid  white  metal,  in  colour  resem- 
bling silver. 

III.  Magnesium  combines  in  one  proportion  only  with  Fbnu 
oxygen,  and  the  resulting  compound  is  magnesia.  1*his^^j^^^ 
combination  takes  place  whenever  magnesium  is  exposed  ^en. 

to  the  air,  or  thrown  into  water.  Magnesia  will  be  described 
hereafter,  in  a  separate  section,  under  the  head  of  alkaline 
salifiable  bases. 

IV.  Magnesium  combines  in  one  proportion  with  chlorine,  chiorida  of 
and  forms  chloride  of  magnesium,  usually  called  muriate  ^busbcimibu 
mqgnesia.  . 
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BASIFIAUJB  OOMBUSTIBLBS. 


BoML  L       !•  This  chknridc  may  be  fermed  bj  headi^  pure  magnesia 
IXmmk  L  jn  chlorine  gas*  The  chloriDe  combines  with  the  magoesiam, 
g^^^     while  the  oxygen  is  evolved*   It  may  be  prepared  also  I7 
taiaed.       dissolving  carbonate  of  magnesia  in  hydrochloric  (muriatic) 
acid*  When  prepared  in  the  manner  last  mentioned,  the 
chloride  is  combined  with  water*  The  water  owes  its 
formation  to  a  particular  decomposition,  of  which  the 
reader  has  had  many  examples  already. 
PMMBtin      %.  Chloride  of  magnesium  combiMd  with  water  exists 
aea  water,   r^gdy  formed  in  sea  water,  and  in  some  mineral  springs*. 
Wiofn^m,      3.  Chloride  of  magnesium  has  a  hot  and  biting,  and 
extremely  bitter  taste*  It  is  deliquescent  in  the  air,  and 
cannot  be  made  easily  to  crystallize*   It  dissolves  in  rather 
more  than  half  its  weight  of  water*   When  exposed  to 
a  strong  heat,  if  water  be  present,  that  liquid  is  decom- 
posed,   and    the   chloride   is   chimged   into  hydrochloric 
(muriatic)  acid  and  magnesia* 
Spee.  grtr.     4.  This  chloride  is  somewhat  more  than  one  and  a  half 

^••^«    times  as  heavy  as  water* 
Compoii.        5*  It  is  composed  of 
^^'  Magnesium  IS 

Chlorine  36 

48 

V.  Magnesium  is  not  known  to  combine  with  any  other 
substances  already  described. 


8UB-CI4A88  U. 

SMoniaub-  This  sub-class  embraces  those  basifiable  combustibles 
dwiofw  which  are  converted  into  earthy  salifiable  bases  by  com- 
J||[|^^.  bining  with  oxygen.  They  are,  1.  Yttrium;  2*  Glucinum; 
UeieMuiie-3.  Aluminum;  4*  Zirconium;  5*  Thorinum;  6.  Silicum. 
'*^-  These  bodies  will  form  the  subjecu  of  the  six  following 
sections. 

SECTION  I, 

OF  TTTRIUIC 

Yttrkua:  I*  Vert  little  can  be  said  under  the  head  of  Yttrium*  Sk 
'H.  Davy  succeeded  in  the  decomposition  of  the  earthy  sa- 
lifiable base  yttria,  by  passing  potassium  over  it,  when  heated 
to  redness:  the  potassium  was  converted  into  potash,  and  a 
number  of  metallic  particles  were  developed.  From  the 
result  of  this  expenment,  there  can  be  no  doubt  that 
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3rttria  was  decomposed;  bat  its  base  was  obtained  in  qnan*  Cuat.wl 
titles  too  small  to  admit  of  accurate  examination.  — — ^> 

II.  At  present  the  only  substance  known  to  be  capable  CMnimad 
td  combining  with  3rttriura  is  oxygen;  and  the  result  of  the  ^"^j 
combination  is  yttria.  Yttria  will  be  described  hereaftierytiriik 
under  the  head  of  earthy  salifiable  bases. 


SECTION  II. 

OP  GLUCINUM. 

I.  Glucinum  was  obtained  from  the  earthy  salifiable  Giaiuiiim:. 
base  giucina,  by  heating  it  in  contact  with  potassium.   The  hovobtain- 
potassium  became  converted  into  potash,  and  a  number  of 

dark  coloured  metallic  particles  were  developed.  These 
particles  were  considered  to  consist  of  a  peculiar  metal, 
which  was  accordingly  called  glucinum. 

II.  Glucinum,  when  thrown  into  water,  decomposes  that  Pomu  gliK 
liquid,  combines  with  oxygen,  and  is  converted  into  ghicina.  ^^^^{,^2 
Synthesis,  therefore,  as  well  as  analysis,  goes  clearly  to^ozy- 
«kow  that  ghtcina  is  an  oxide  of  g'kicinunu   Gtucina  will  be  9^- 
described  hereafter  under  the  head  of  earthy  salifiable 
bases. 


I 


SECTION  IIL 

OP  ALUMINUM. 

!•  Sir  H.  Davy  was  led,  from  analogy,  to  suspect  that  Aittminam: 
alumina  (in  an  impure  state  called  clay)  like  the  other  ^^^^**"' 
earthy  salifiable  bases,  was  a  compound  of  a  metallic  body 
and  oxygen;   and   he  verified  this   suspicion  by  passing 
potassium  over  alumina  heated  to  whiteness.  The  potas- 
sium became  converted  into  potash,  and  a  peculiar  metallic 
substance  was  developed,  which,  when  thrown  into  water, 
combined  with  oxygen,  and  produced  alumina.  The  fair 
oonckision  to  be  dn.wn  Irom  these  facts  is,  diat  alumina  is 
composed  of  the  peculiar  meital  thus  obtained  and  oxygeo. 
It  is  this  peculiar  substance  which  is  cs41ed  aluminum* 
.   II»  Akunanum  bab  not  been  obtained  tn  sufficient  quanti-  lu  pro|>«r- 
ties  to  enable  the  chemist  to  give  it  an  accurate  examinatiori.  Jj^^SJJJJJ*" 
The  only  combination  into  which  it  is  known  to  enter  is  combined 
that  with  oxygen,  which  results  in  the  formation  of  alumina,  ^^^'^j'^^ 
us  .already  stated.   Alumiaa  will  be  described  hereafter,  fll]^„iMft« 
under  the  head  ^  eairthy  salifiable  bases. 

I 
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ia.\  SECTION  IV. 

OF  ZmCONIUM. 

Zireoninm:     I.  ZiRCONiUH  was  exposed  by  Sir  H.  Davy  to  the  same 
bowobtai&^i^gii^  of  decomposition,  by  which  the  other  earthy  salifia- 
ble baaes  were  decomposed;  and  it  gave  similar  indications 
of  being  a  compound  of  a  peculiar  metallic  body  and  oxy- 
gen* Zirconium  is  the  name  applied  to  this  peculiar  sub- 
stance. 
Formizir-      IL  It  has  not  been  possible  heretofore  to  make  out  the 
^f"^}^      properties  of  this  metal.  The  only  substance  with  which  it  is 
tion  with     known  to  combine  is  oxygen,  with  which  it  forms  zirconia* 
«7S^-      Zirconia  will  be  described  hereafter  under  the  head  of 
earthy  salifiable  bases. 


SECTION  V. 

OF  THORINUM. 

Tiiorinam^      I,  Berzelius  has  discovered,  in  a  mineral  found  in 
^^p*^^' Sweden,  an  incombustible  body,  which  has  all  the  pro- 
of the        perties  of  an  earthysalifiable  base.   He  has  given  to  it  the 
Sbie^hiuie '  ^^^^  ^^  thorina.   There  can  be  very  little  doubt  that  this 
thorias.      body  is  similarly  constituted  to  those  usually  called  earths j 
and  consequendy  that  it  is  a  metallic  oxide.  Depending  upon 
the  evidence  of  this  close  analogy,  Berzelius  has  assigned 
to  it  a  metallic  base,  which  he  calls  thorinum.   Thorinum, 
therefore,  is  a  hypothetical  substance;  and  is  introduced 
here  for  the  sake  of  perspicuity,  and  to  avoid  the  anomaly 
in  arrangement  of  placing  thorina  in  the  same  class  with 
azote;  which  position  it  would  have  to  assume  upon  the 
supposition  that  it  was  not  a  compound. 

II.  Thorina  will  be  described  hereafter,  under  the  head 
of  earthy  salifiable  bases. 


SECTION  VI. 

.    OFSIUCUM.* 

Sfliedm:         I*  SiLicvM  was  first  obtained,  through  the  agency  of 
bow  obtain- galvanic;  electricity,  from  silica  (pure  flint)  by  professor 

*  Dr.  Thomson  ]>bioet  alioiiiii  among  tiie  aeidifiable  conbofltiblei;  beoanae  ho 
bdierei  that  raffieieDt  reason  has  bean  gifen  for  supposmg  that  silioa  (oxide  of 
sOieam)  performs  the  part  of  an  acid,  f  n  this  particular  I  have  not  followed  Dr. 
Thomson;  not  being  satisfied  that  its  otose  analogjr  to  aaida  has  been  well  made 
oot.  There  are  indM  some  oironmstanoes  with  regard  to  silioa,  in  which  it 
differs  particularlj  from  all  the  oth6r  earthysalifiable  bases;  but  these  do  not  call 
for  the  meacnre  of  associating  it  with  adds,  wliere  it  cannot  stand  withont  vis- 
lating  the  obviofw  and  natural  analogiea  of  dmniMl  bodfea. 
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of  Sweden*  It  was,  however,  in  a  state  of  aHoy  g«av.  ni. 
with  iron.  It  was  afterwards  obtained  in  a  separate  state, 
by  Sir  H.  Davy,  by  passing  potassium  in  excess  over  heat- 
ed silica,  contained  in  a  platinum  tube.  But  the  quantities 
in  which  it  was  obtained' were  too  small  to  enable  this 
chemist  to  make  out  many  of  its  properties. 

II.  Silicum,  obtained  by  Sir  H.  Davy's  method,  appears  Formi  AU 
in  the  form  of  a  dark  coloured  powder.  It  sterns  capable  of  *»•  ^■*'*^*^ 
bearing  a  very  high  temperature  without  alteration.   When  ^  ^^^^' 
thrown  into  water,  it  decomposes  that  liquid,  combines 

with  oxygen,  and  is  converted  into  silica.  Silica  will  be 
described  hereafter,  under  the  head  of  earthy  salifiable  bases. 

III.  Silicum,  combined  with  fluorine,  is  supposed  to  con-  Sappoted 
stitute  the  peculiar  acid  called'  fluosilicic  acid.  It  is  form-  ^^^^ 
cd  by  the  distillation  of  fluor  spar  with  sulphuric  acid  in  fluorine; 
glass  vessels.  It  will  be  described  hereafter  under  the  al- 
tered name  of  silicofluoric  acid. 


,  SUB-CLASS  III.     - 

This  sub-class  of  basifiable  combustibles  comprises  those  BMMaUe 
which  form,  by  combining  with  oxygen,  salifiable  bases,  ^^J^^ 
which  have  neither  alkaline  nor  earthy  properties.  They  third  sob- 
are  the  following:  JlStS.*' 

l.Iron;  2.  Nickel;  3.  Cobalt;  4.  Manganese;  5.  Cerium;  ™^^ 
6.  Uranium;   7.  Zinc;   8.  Lead;  9.  Tin;    10.  Copper;  11. 
Bismuth;    13.  Mercuty;    15.  Silver;  14.  Gold;    15.  PUti- 
Bum;  16.  Palladium;  17.  Rhodium;  18.  Iridium;   19.  Os- 
mium; SO.  Titanium. 

AUtheae  combustibles  are  metals.  They  will  be  described 
in  the  order  in  which  they  have  been  named  in  the  follow- 
ing sections. 

SECTION  I. 
OF  moN. 

I.  Iron  may  be  obtained  pure  by  the  following  process:  ProeeMfor 
Treat  the  mineral  called  pyrites^  which  is  a  sulphuret  of  iron,  |^^|^ 
repeatedly  with  boiling  nitric  acid.    By  this  measure  the       ^^ 
sulphur  becomes  acidified  and  the  iron  oxidised;  so  that 
the  sulphuret  is  changed  into  a  sulphate  of  iron.  Decompose 
this  sulphate  by  means  of  hydrcfthloric  (muriatic)  acid:  this 
acid  separates  the  sulphnric  acid,  and  combines  with  the 
oxide  of  iron,  leaving  the  impurities  untouched.  To  the 
solution  as  it  now  stands,  add  chloride  of  barium  (muriate 
of  barytes):  water  is  immediately  decomposed;  the  boorium 
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Book  L   is  cooverCed  inlo.  barytes^  which,  combiniog  wiA  the  tuli 
DimionL  phurjc  acid,  forms  the  insoluble  compound  called  sulphate  of 
barytes;  while  the  chlorine  combines  with  hydrogen,  and  is 
dumged  ioto  hydrochloric  (muriatic).  acid»  After  separating 
the  insoluble  sulphate  of  barytes  by  the  filter,  nothing  re- 
mains but  a  solution  of  pure  oside  of  iron  in  hydrochloric 
(muriadc)  acid*   To  this  aohition  add  a  solution  of  carbo- 
nate of  soda  (common  soda):  a  double  decomposition  inn 
stantly  takes  place;  the  carbonic  acid  and  oxide  of  iron  com-* 
bine  and  form  the  iinoluble  compound  called  carbonate. of 
iron;  while  the  hydrochloric  acid  and  sodaunitesoas  to  fdrm 
qbloride  of  sodium  (common  salt)  and  water*.  Separate  the 
cartxmate  of  iron  by  the  filter,  and  after  being  washed  and 
dried,  expose  it  to  the  action  of  a  stropg  red  heat:  the  car- 
bonic acid  is  driven  off,  the  oxide  is  reduced,  and  a  button 
of  pure  iron  b  obtained* 
lrt»,«a.         II*  When  iron  is  separated  from  its  ores  by  the  manu- 
f*^^      facturer,  the  process  is  very  different  from  that  just  given; 
ores.  Ob.    and  the  result  is  the  production  of  the  metal  in  a  sute  very 
^^^     far  from  being  pure*  It  is  called  cast  irony  and  owes  its  pe- 
ea^  iiraa.    culiar  properties  to  the  presence  of  carbon. 
PrbeoM  for     1*  T^^^  ore  from  which  cast  iron  is  obtained  is  generally 
oti^ins    a  mixture  of  oxide  of  inm  and  clay.  It  is  reduced  to  small 
^**''**"^    pieces,  mixed  wiUi  charcoal  and  limestone '(carbonate  of 
lime)  and  exposed  to  a  violent  heat  in  a  furnace,  whereby 
the  whole  becomes  melted.  After  remaining  in  fusion  for 
a  auflkient  ttme^  a  hole  is  opened  in  the  lower  part  of  the 
furnace  and  the  iron  runs  out* 
ProMM       '   2*  In  the  above  proceaa  the  use  of  the  limestone  and 
explained,  charcosl  Qsay  be  thus  explained*   At  the.  high  temperature 
to  which  the  ore  is  raised,  the  oxygen  which  it  contains^ 
combines  with  the  charcoal  and  flies  off  in  the  form  of  car- 
bonic acid.  On  the  other  hand  the  lime  of  the  limestone 
combines  with  the  clay  and  forms  a  kind  of  liquid  g^ass* 
This  fused  compound  being  lighter  than  the  iron,  swims 
on  the  surface*  In  this  way  both  the  substances,  with  which 
the  metal  is  combined  in  the  ore,  are  separated.  The  open- 
ing made  ia  the  lower  part  of  the  furnace  allows  the  iron 
to  run  out  unmixed  with  the  supernatant  impurities* 

5.  If  the  iron,  ore  contain,  sulphur  and  arseaict  these 
aubstances  are  to  be  driven  off  by  exposure  to. a  sufficient 
heat*  This  process  is  called  roasting*  > 
Cast  iroQ  ■  4.  Cast  iron,  according  to  its  colour,  is  distinguished  into 
i^White  ^^^"^  kinds*  White  coat  iron  isverv  hard,  and  brittle;  not 
eitft  iro^  susceptible  of  being  filed,  bored  or  bent,  and  very  liable  to 
a.  Grej  break  when  suddenly  cooled*  Grey  or  mottled  coat  iron  has 
can  iron;  or  ^  granubu'  texture,  and  is  not  netuiy  sd  hard  or  brittle  as 
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the  pfeoediag^kiiiiL  .  It  omjr  be  ciit«  bored,  or  ttaied  on  m  Ckaf.  m. 

lathe.  Artillery  «re  maoufasturtd  from  this  kind  of  cast- 

iroiu  Bladk  etui  hwi  ii  the  nost  variable  in  its  texture  of  s.  BUsk 
all' the  species  of  cast  ir«i#  It -is  oaoie  fosiUe  and  less  oo-***^*"^ 
besAve  thaii  the  otherivarieties*  Cast-iron  melts  wheo  heated 
to  about  1 SOP  of  Wedgewood's  pyrometer.*  Upon  fusion  it 
comracw  oonsidcraUy,  conimry  to  the  usual  effects  of  heat* 
It  is  between  seven  and  seveii  and  a  half  tiasesas  heavy  as 
water. 

Sm  Besides  carbon,  cast  iron  contains  o»de  and  phosphu-  Different 
ret  of  iron,  and  silica.  It  haii  be^m  found  by  experiment  that  ^  %!!!^^ 
White  cast  iron  1  8 «,  f  ^th  of  its  weight  of  carbon.    dUTcrent 

Grey  east  iron     [l|]  A^ HSS" 

Black  cast  iron    J  &  *  I  ^h  — ._— .i— _. 

6.  Cast  iron  may  be  converted  into  malleable  iron  by  the  Cwt  iron; 
following  process:  Melt  it  in  a  reveiberatory  fumace^t  and  J^,5tato 
make  the  flamrof  the  fuel  play  upon  iu  siirface.    Stir  itmiiHetbie 
constaody,  so  as  to  bring  successively  every  portion  of  the  '^'^^ 
iron  in  contact  with  the  air.  After  the  stirring  has  continue 
ed  one  hour,  the  melted  metal  begind  to  heave  and  swell, 
and  to  emit  a  bhie  hunbent  flame.  As  the  process  advances, 
it  icquires  more  and  more  consistency.   After  it  has  been 
fai  this  state  for  another  hour  it  suddenly  congeals  into  a* 
soft  ma^s*  In  this  state,  while  yet  hot,  it  is  beaten  by  a 
heavy  hammer.  The  cast  iron  is  now  converted  into  mal- 
leable iit>n« 

7*  The  conversion  of  cast  iron  into  ftialleable  iron  may  be  ThUoai 
thus  explained.  By  constantly  stirring  the  cast  iron,  while  the  ^'l*^  ^' 
tame  of  the  furnace  is  made  to  \\ty  upon  its  surface,  the  ^ 
diarrcoal  which  it  contains  is  gradually  burnt  out.   As  this 
separation  advances  the  metal  becomes  less  and  less  fusible; 
and  this  is  the  cause  of  its  gradually  acquiring  consistency. 
When  it  congeals  it  is  the  pure  iron  6nly,  which  takes  the 
solid  form;  the  cast  iron,  still  in  a  state  of  fusion,  remaining 
in  its  interstices.   The  object  therefore  of  the  subsequent 
hammering  is  obvious;  it  drives  out  the  fused  cast  iron,  and 
forces  the  particles  of  pure  iron  together,  so  as  to  form  a 
solid  mass.  Cast  iron,  by  undergoing  this  process  for  con- 
version into  malleable  iron,  looses  more  than  one-fourth  of 
its  weight. 

III.  Iron,  when  pure,  possesses  the  following  properties.  Propertiei 
It  has  a  bluish  white  colour  and  fibrous  texture.    WhenP^P^*^ 

iron. 

*  An  ioiCrmiient  for  meMOritie  high  degreei  of  bett,  inrented  bjr  Wedge- 
vood.  It  will  be  drsoribed  bereaftier. 
f  A  fbmaee  whoae  body  it  covered  with  a  dome,  which  temiiaates  in  m  ohim- 
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Book  I.    polished  it  posseases  considerable  brilKancy*  It  has  astjrptic 
^^^^*"^  taste,  and  emits  a  peculiar  smell  when  rubbed.  It  is  ductile, 
flexible  and  malleable.  Its  hardness  is  considerable,  and  its 
tenacity  very  great.   When  perfectly  pure,  it  is  not  sus- 
ceptible of  the  magnetic  impression.  It  melts  when  heated 
,   to  the  temperature  of  158^  of  Wedgewood. 
Spee.  fsnw.     IV.  It  IS  about  seven  and  a  half  times  as  heavy  as  water* 

to  7*8       ^*  '^  ^^y  ^  °^&^c  ^  t^^^u^  i^  ^^  following  manner. 

Plunge  into  a  jar  containing  oxygen  gas,  a  small  iron  wire^ 

to  one  extremity  of  which  a  small  piece  of  cotton,  in  a  state 

«       of  inflammation,  is  attached:  the  iron  wire  catches  fire  and 

bums  with  a  vivid  flame. 

Iron  forms       VI.  Iron  combines  in  two  proportions  with  oxygen,  and 

twoozidei.  fo^is  protozide  and  peroxide  of  iron. 

1.  Protox-  PROTOXIDE  OF  IBON. 

ide  of  iroo.  Former  namo,  Martial  Ethiop§.'-^Scalei  of  Jrmu 

How  ob.         !•  This  oxide  may  be  obtained  by  dissolving  iron  in  sul- 
^■'n^       phuric  acid  (oil  of  vitriol)  and  pouring  into  the  solution 
thus  formed,  a  solution  of  potash.    The  acid  converts  the 
iron  into  this  oxide,  at  the  expense  of  the  water  which  it 
contains,  and  then  dissolves  it:  the  added  potash,  having  a 
stronger. tendency  to  combine  with  sulphuric  acid^  than  the 
oxide  of  iron  has  to  retain  it,  combines  with  the  former, 
while  the  latter,  being  insoluble,  falls  in  the  form  of  powder. 
Other  me-       2«  Protoxide  of  iron  may  be  obtained  by  several  other 
thodi.        methods*  It  is  formed  when  iron  filings  are  kept  under 
water,  for   a  sufficient  length  of  time,  at  a  temperature 
above  70^.  When  iron  is  subjected  to  a  red  heat,  its  surface 
becomes  converted  into'  this  protoxide;  so  that  the  scales, 
which  are  driven  off  from  red  hot  iron  struck  on  the  anvil, 
consist  of  this  oxide.  This  same  oxide  is  formed  also  dur- 
ing the  combustion  of  iron. 
Properties       3.  Protoxide  of  iron  is  a  black  tasteless  powder,  insolu- 
toxldfc  ^^  ^^^  ^^  water.  When  newly  precipitated,  however,  it  is  green, 
but  becomes  black  by  being  dried  quickly  in  close  vessels. 
Its  solutions  in  acids  have  a  pale  green  colour,  and  a  sweet- 
ish astringent  taste. 
Compoai-        4.  Protoxide  of  iron  is  composed  of 

Iron  28 

Osygen        8 


tion. 


36 
Used  m  5.  Protoxide  of  iron  is  used  in  medicine,  with  a  view  to 

medicioe.    \^  xomc  properties.  But  for  this  purpose,  carbonate  of  iron 
(rust  of  iron)  is  preferable. 

ft 
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Caiv.  in. 

PEROXIDE  OF  IRON.  rr TT 

2.  Peroxide 

Med  Oxide  ef  Urm  of  the  Ed.  College^— Formerly  etlled  Sajiron  of  Mart,    of  iron. 

1.  This  oxide  may  be  obtaiiied  by  exposing  a  diluted  so-  Hov  ob- 
lation  of  iron  in  sulphuric  acid,  for  fi  long  time,  to  the  at-  ^it*^- 
snosphere,  and  then  adding  to  it  a  solution  of  potash:  a 
powder  precipitates,  which  consists  of  the  oxide  in  question* 

2.  By  the  exposure  of  a  solution  of  iron  in  sulphuric  acid  Proeett  ex- 
to  the  air,  the  protoxide,  which  at  first  exists  in  it,  is  gra-  P'*''^'^ 
dually  changed  into  the  peroxide  of  iron  by  the  absorption  of 
oxygen.  A  solution  of  potash,  added  to  the  solution  of  iron 

thus  changed,  combines  with  the  sulphuric  acid  and  throws 
down  the  peroxide* 

3*  Peroxide  of  iron  may  be  formed  also,  by  exposing  iron  Another 
filings  to  a  red  heat,  and  subjecting  them  to  constant  agita-  P'^'^^^ 
tion*  Oaygen  is  absorbed,  and  the  iron  converted  into  thb 
oxide. 

4.  Peroxide  of  iron  is  a  tasteless  and  insoluble  powder  Propertict 
of  a  fine  red  colour,  with  a  shade  of  yellow.  Its  solutions  in  ^.^  P^' 
acids  have  a  brownish  or  yellowish  colour  and  a  sweet 
astringent  taste* 

5*  it  is  composed  of  Compoii- 

Iron  56  tioo. 

Oxygen        24 

8a— So  that  it  appears 
diat  tiiis  onde  contains  one  and  a  half  times  as  much  oxy- 
gen as  the  protoxide;  or,  which  is  die  same  thing,  three 
times  as  much  oxygen  united  to  twice  as  much  iron* 

6*  Peroxide  of  iron  agreeft  pretty  much  in  medical  pro-  xjted  in 
perties,  with  the  protoxide*  medieme. 


VII*  Iron  combines  in  two  proportions  with  chlorine  Iron  forms 

ridet. 


and  forms  protochloride  and  perchloride  of  iron.  ^^  *^^^ 


1*  Protochloride  of  iron  lam  be  obtained  by  dissolving  i.  Proto- 
iron  in  hydrochloric  ^muriatic)  acid,  evaporating  the  solu-  SJ^Ul"^* 
tion  to  dryness,  and  then  exposing  it  to  a  red  heat  without  t«ined.' 
the  contact  of  air.  The  mass  obtained  is  this  chloride.  In 
tiie  process,  hydrochlorate  of  iron  is  first  formed;  which, 
upon  exposure  to  a  red  heat,  is  converted,  by  a  new  arrange- 
ment of  its  constituents,  into  the  chloride  under  description 
which  remains  fixed,  and  water  which  is  driven  off  in  a 
state  of  vapour. 

S.  Protochloride  of  iron  has  a  variegated  grey  colour,  Its  proper- 
Mttid  a  lamellated  texture*    It  i>ossesses  the  metallic  Itistre*^^ 
When  healed  to  redness  it  fuses,  but  does  not  volatilize. 
When  dissolved  in  water  it  combines  with  the  constituents 
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Book  I.    of  that  liquid  in  such  a  maimer  as  to  form  hydrochlorate 
mwnkn  i.  (green  muriate)  of  iron. 
Compoii-        3.  It  is  composed  of 
twD.  Iron  28 

Chlorine       36 

64 
ft.Fereliio-      1.  Perchlortde  of  irOH  may  be  obtained  by  eTaporating 
^ulJedT   P^rhydrochlorate  (red  muriate)  of  iron  to  dryness,  and  af- 
terward heating  it  in  a  tube  furnished  with  a  narrow  orifice. 
It  may  be  formed  ako  by  burning  iron  wire  in  chlorine  gas. 
The  product  of  the  combustion  is  this  chloride. 
Its  proper-      2.  Perchloride  of  iron  has  a  bright  brown  colour,  ft  n 
^^'  volatilized  at  a  moderate  heat,  and  may  be  made  to  depo- 

site  in  minute  brilliant  crystals.    When  dissolved  in  water, 
it  combines  with  the  constituents  of  this  liquid  in  such  a 
manner  as  to  be  converted  into  perhydrochlorate  (red  mu- 
riate) of  iron. 
3«  It  is  composed  of 

Iron  36 

Chlorine       53« 

Iodide  of  VIII.  Iron  combines  in  one  proportion  with  iodine  and 
■■"^  forms  iodide  of  iron.  It  may  be  formed  by  heating  iron  in 

the  vapour  of  iodine. 
Iran  forms      '^*  '^^^  combined  with  carbon,  forms  different  carburets 
•ererai  ear-  of  iron.  The  principal  ones  are  known  by  the  names  of 
^*"^^       plumbago  and  steel.   These  substances  will  be  noticed  in 

the  order  in  which  they  have  been  named. 

LPIamb*-  PLUMBAGO. 

V^  Syiu  Black  Lead^^GrapkUe. 

FooDdmi-       1.  This  carburet  is  never  formed  ardficially  by  the  rhe- 
t^e  ^    .    mist.  It  occurs  abundantly  native  in  different  parts  of  the 
'  world.  The  plumbago,  of  which  black  lead  pencils  are  ma- 
nufactured, is  the  product  of  the  mine  of  Barrowdale  in  the 
county  of  Cumberland^  England.   It  is  said  that  this  is  the 
only  mine  which  furnishes  black  lead  fit  for  the  formadon 
of  pencils.  Plumbago  is  employed  for  making  crucibles. . . 
Properdet      2.  Plumbago  has  a  dark  steel  grey  colour.  It  possesses  the 
of  piumbft.  meudlic  lustre.  It  is  soft  and  has  a  greasy  feell  When  kept 
^  at  a  red  heat  in  the  open  air  it  gradually  wastes  away*  It 

contains  about  one-twentieth  of  its  weight  of  irpn*         .  . . 

STEEL.. 

8.  Steel:  1«  Steel  has  the  following  general  properties,  whkh'a|[>plf 
><*9^o;^  more  or  less  to  all  iu  varieties.  It  is  britde,  aiid  so  haitl  as 
propomee.  ^  ^^^g^  ^  action  of  die  file.  It  strikes  fire  wkh  flint,  and 
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is  capabk  of  rettintng  the  magnetic  virtue  for  aay  lengdi  of  Cbap.  tlL 
time.  It  is  maUeable  at  a  red  heat^  but  scarcely  so  at  a  white  -——-'*- 
one.  It  may  be  hammered  into  much  thimier  plates  than  iron. 
Ita  melting  point  is  at  the  temperature  of  130^  of  Wedge*  Spee.  gnv. 
wood.  When  hammered  it  is  somewhat  more  than  seven  f'^"^  ^"^ 
and  a  half  times  as  heavy  .as  water.  ^^ 

S.  Steel  may  be  easily  distinguished  from  iron  by  drop-  How  di^is- 
ping  upon  it  a  little  nitric  acid.  This  acid  will  form  a  black  j^|^^ 
stain  upon  steel,  occasioned  by  the  carbon  which  it  deve- 
lopes,  but  it  causes  a  whitish  green  mark  upon  iron. 

3.  Steel  has  the  property  of  becoming  much  harder  by  Metluricr 
being  heated  to  redness,  and  Aen  plunged  into  cold  water.  ^^!^'^* 
Cutting  instruments  are  submitted  to  this  process  of  har- 
dening after  they  are  made.  But  afterwards  this  hardness 
must  be  lessened;  otherwise  a  fine  and  durable  edge  could 
not  be  given  to  the  instrument.  The  process  of  softening 
steel  a  Uttle  is  called  tempering'^  and  is  performed  by  heat- 
ing  it  until  it  assume  some  particular  colour,  when  it  is 
plunged  into  water. 

4^  Cutting  instruments  require  diflFerent  degrees  of  har-  Proeeasfor 
denittg  according  to  the  use  for  which  they  are  intended.  A  J^'il^"'^ 
different  hardness  is  produced  for  every  colour,  which  the  degrees  of 
steel  is  made  to  assume,  before  being  plunged  into  water,  l^eui^ 
JThese  colours  occur  in  regular  succession  m  proportion  as 
the  heat  advances,  and  are  the  indications  of  particular  tem- 
peratures. When  the  heat  is  raised  to  the  temperature  of 
from  400^  to  450^,  the  colour  which  the  steel  assumes  is  a 
very  pale  yellow.  At  460^  it  is  a  straw  yellow.  This  colour 
gradually  deepens,  until  the  temperature  reaches  500^,  when 
it  becomes  a  bright  brownish  metallic  yellow.    If  the  heat 
be  still  farther  increased,  the  surface  of  the  steel  becomes 
yellow,  brown,  red  and  purple  successively,  until  the  tem* 
perature  reaches  580^  when  the  colour  becomes  uniformly 
deep  blue.  By  a  farther  increase  of  temperature,  this  colour 
gradually  weakens  until  at  last  the  red  heat  is  produced. 

5.  There'  are  several  varieties  of  steel;  the  principal  of  Prin«|Mt  . 
which  are  natural  steely  steel  of  cementation^  and  cast  steeL  J^JT^****  ^ 
These  varieties  will  be  noticed  in  the  following  paragraphs. 

a.  Natural  steel  is  formed  by  exposing  cast  iron  in  a  fur-  oamral 
nace,  for  a  considerable  time,  to  a  violent  heat,  covered  with'^^^*' 
a  mass  of  melted  scorise,  five  or  six  inches  deep.    Steel 
contains  less  carbon  than  cast  iron;  and  this  conversion  is 


*  GeiDentaUon  is  a  proeett  which  consists  in  the  surrounding  of  one  body  with 
the  powder  of  some  other,  snd  exposing  the  whole  to  s  strong  bent*  but  not 
smflicteot  to  produce  fusion.  The  body  so  treated  becomes  chsngt;!  in  its  pro- 
perties. 

K 


74 


BASIFIABL^.iSOIiBUSTIBLES. 


^¥f.  #u|HppMfi  III  epitwfc  itL  dM  fte^ftfvtiilB  of  ft  (^ 
^^^"^■^^  hfm  ^P  Utt^tt  Tbb  ia  owMideivd  «o  ho  cffMtted, ; during 
i^  vipkut  hef  t|  bgr  ths  eainbifiaiioA  of  fihe  cat hlon  of  Am 
e»9^  1990  with  tho  amfgem  wdiich  it  alao  coDtaina,  wluoh  r^ 
•u}ti  in  thfi  foroiatioii  of  «ovbofiic  acid* 

Natural  steel  is  not  tbroughoat  of  uoiferm  quality.  It  it 
aoft^r  and  bas  brittte  thaa  &e  other  kioda  of  steely  and  is 
thp  ebeapest  and  leaat  valttabk  Ytat icty. 
tteei  of  ^«  S$e^  p/  eemenMiofit  called  idao  Uuiered  sietl^  is  £orm* 

ceroenu-    ed  by  •tratifyiog  Ibara  df  pure  iron  and  charcoal  powder 
IJ^^^^  adteroaitely,  in  large  earthen  troagfas,  whose  asouths  are  ac- 
«M        '  ourately  elosods  and  expeatag  thiem  in  a  furnace,  to  heat 
for  eight  or  t^  days.  At  the  end  of  this  time,  the  bars  are 
^roovertcd  into  blistered  steel*. The  process  by  which  this 
steel  is  Ibrmed  was  first  practised  to  any  extent  in  Britain* 
This  variety  of  steel  has  a  fine  grain  and  a  unifonm 
texture.   It  is  much  harder  and  more  elaatic  than  natural 
ateel.  It  is  called  bfutered  from  the  appearance  of  its  sur- 
face, which  is  covered  with  marks  like  blisters,  which  had 
evidc^ndy  been  produced  by  the  escape  of  sonae  elaatic  fluid. 
Thia  steel,  when  drawn  into  smaller  bavs  by  means  of  the 
hammer^  is  oaUed  Hl$ed  aUd.  When  broken  into  pieces  and 
repeatedly  welded,  it  has  the  name  of  GcroKifi  or  Shear  stceL 
ottt  steel.        c.  Ca9t  Steel  is  formed  by  fuaiog  blistered  steel  in  a  close 
crucible,  along  with  pulverized  glass  and  charcoal  powder. 
This  variety  of  steel  has  the  closest  texture  and' admits  of 
the  highest  polish  of  aU  the  kinds  of  steel.   It  is  for  dieae 
reasons  that  it  is  preferred  in  the  manu£Eietui«  of  razors,  and 
for  surgical  instniaMmts.   It  is  more  fusible  than  common 
steri,  and  therefore  cannot  be  welded  with  iron. 
Steel  owes       6*  All  the  varieties  of  steel  are  combinations  of  iron 
ia  peeuiiar  Yiiih  small  proportions  of  carbon;  hence  they  are,  in  Ae 
^iXepre.  technical  language  of  chemistry,  cariurett  of  iron.  Cast  atee) 
senoe  of     coutaios  the  largest  proportion  of  carbon,  which  amoonta 
^'^'^^^^      to  not  more  than  one  per  cent. 

Photphnret     X.  Iron  combines  with  phosphorus  and  forms  phosphu- 

{SS^*'^  ret  of  iron. 

1.  This  phosphuret  may  be  obtained  by  fusing,  in  a  cru> 
cible,  a  mixture  of  equal  parts  of  phosphoric  acid  and  iron 
with  a  portion  of  charcoal  powder.  The  acid  is  reduced  to 
the  state  of  phosphorus,  by  yielding  up  its  oxygen  to  the 
charcoal,  and  then  combines  with  the  iron.  It  was  discover- 
ed by  Bergman,  by  v^hom  it  was  mistaken  for  a  new  metal, 
and  called  siderum. 

Propertiet.  2.  Phosphuret  of  iron  is  a  brittle  substance;  and  its  frac- 
ture exhibits  a  white  colour.  When  exposed  to  a  strong 
heat,  it  melts  and  the  phosphorus  is  dissipated* 
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4*  Tht  pattic«^br  kiod  of  iraa  cded  eoA/  tAori^  which  w  c^^jH. 
brkde  whea  o«ld|  iMit  whcB  hot  moHeable^  derives  iup«xo<-  CfaLemieal  ' 
liar  qualities  frMB  the  pntotaoe  of  pbasphau)  of  iroa.  It  waa  ^"jt^ 
due  coaipiiinKl,  after  bciag  eoavetted  iato  a  phosphuMt  by  i^i. 
the  attempts  for  its  ijedaciaoa^  whiek  Bergiasn  misiooh  for 
a  peculiar  msitsL 

XI*  Ifoo  conMats  ia  tfvii  paoportnns  isitb  sidphui  aod  iron  forms 
forms  protoaalpbttn:!  aad  persulphnat  of  ivo**  •  ^hoV*^' 

1*  Pr^tami^^huret'  0f  ^oii  (au^otic  fywuen)  need  aot  be  i  «  proto- 
feraied  by  the  chtf laiat*  It  otcors  abaadaodf  QStise  m  dff*  tuipharet; 
feteilt  putts  of  fkt  wmU.  It  has  a  bsoazc  cslour  and  tlie*^ 
metallic  lustra*  Whsoc  reduced  t»  powder^  it  has^a  bfackisb 
grey  ooioar.  It  scrihet  fire  with  sted  sad  is  sascepiible  of 
the  fliagnetic  valtoe.  Its  point  of  fasioa  is  ksr.  It  is  son»e* 
iriMt  aiore  tiboa  faar'aada  half  times  as  haary  ai  #aser« 

8*  It  is  compoMd  of 

Iroa  28 

Solpboa        to 

44 

U  P^9ulpkumix>fiMn  (ouMa  pyriscs)  is  abafooad  na-  s.  t  ih»r- 
trre  m  abundaiiee*  it  haa  a  yeHow  e(AMit  and  pcsBesses  the  '"^i^^*"^ 
oitatte  lastre«  It  ia  Wkde  aod  iltriket  fin  wichrstseL  it  is 
ahoat  four  and  ahalfiiaii^  m  heavy  as  water. 
2.  It  is  composed  of 

Ifoa  28 

Stttphar       M 

ea»'ixga  that  it  appears 
that  this  sulphuret  osatains  txrice  as  anichf  solphar  as  die 
pcwteaa^pSMrst* 

XIL  Isan<  ia  caipliyed  for  thfl  cure  of  diseasea  ia  a  a«ta«  Medical 
her  of  forms;  aad  its  geaarai  paopcfrties  are  these  of  a  pow-  '■■^^'^■^ 
crfal  asU'imans  and  sataio.   it  is  aot  unfreqosntly  givea  inr 
thr  metallic  state,  in  die  fiam  of  iron'  filings^  but  it  it  con- 
sidered as  inert,  unless  oxidized  in  the  stomach.  The.  dose 
of  the  filings  is  from  ftst  to  twen^F  grains. 


SECTION  II. 


Of  NICKKL. 


I.  NiCKEE  may  be  ob«ttined  by  die  fcHawiag  pw>cess€  NUkd; 
IKbsolTe  the  nickel  df  commerce^  ia  which  the  metid  sx-  IIS^^^T*' 
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Book  I.  ists  alloyed  by  seveval  others,  in  sulphuric  acid,  assistiog 
Divition  I.  ^d^  solution  bv  the  addition  of  some  nitric  acid.  Concen- 
trate  the  solution,  and  let  it  stand  for  several  hours.  Green 
crystals  of  sulphate  of  nickel  will  be  observed  to  fomu  This 
treatment  must  be  repeated  until  a  sufficient  number  of 
these  crystals  are  obtained.  Dissolve  them  in  water,  and 
drop  into  their  solution,  a  solution  of  potash  or  of  soda. 
This  addition  precipitates  the  nickel  in  the  state  of  oxide. 
The  oxide  may  be  deoxidized  by  being  made  tnta  a  paste 
with  oil,  and  exposed  in  a  charcoal  crucible. to  a  very  vio- 
lent heat.  The  oxygen  flies  off  in  combination  with  the  char- 
coaU  so  that  .nothing  remains  but  the  pure  metal. 
Itsfltet,  II.  The  ores  of  nickel  are  found,  for  the  most  part,  in 

fouo^        Germany.    That  which  occurs  most  abundantly  is  called 
kupfernickel^  or  false  copper,  from  its  resemblance  to  the 
ores  of  copper.    It  is  composed  principally  of  nickel  and 
arsenic, 
lu  diMore.     IIL  Nickel  was  discovered  in  1751   by  Cronstedt,  by 
T!'  whom  it  was  called  by  its  present  name. 

Properties       IV.  Nickel  has  a  fine  white  colour,  resembling  Silver.  Its 
of  DiekeL    hardness  is  considerable,  but  less  than  that  of  iron.   It  is 
malleable 'When  either  hot  or  ecrid.    Like  steel  it  may  be 
ccnMcrted  ineo  a  magnet.  It  is  not  altered  by  exposure  to 
air  or  immersion  in  water.   Its  fusing  point  is  at  least  as 
high  as  160P  of  Wedge  wood. 
Spee.  grtT.      V.  It  is  somewhat  less  than  eight  and  a  half  times  as 
^'^     heavy  as   water.  Its  weight  is  considerably  increased  by 
hammering. 
Kiekei  VI.  Nickel  combines  in  two  proportions  with  oxygen, 

forms        31^^  forms  protoxide  and  peroxide  of  nickel. 
1.  a  iirotax-      !•  Protoxide  of  nickel  may  be  obtained  by  dissolving  nick* 
idc,  aod      el  in  nitric  acid,  and  adding  potash  to  the  solution  thus 
formed.  The  nickel  is  tfirown  down  in  the  state  of  this  oude. 

2.  Protoxide  of  nickel  has  a  Uackish  ash-grey  colour, 
but  no  taste.  Its  solutions  in  acids  have  a  grass  green  co- 
lour. It  forms  a  pale  blue  coloured  solution  with  ammonia. 

3.  It  is  composed  of 

Nickel  27 

Oxygen  8 


ide. 


35 
aaperoz-  -  1.  Peroxide  of  nickel  mzy  be  obtained  by  the  following 
process:  Pass  a  current  of  chlorine  gas  through  water,  in 
which  protoxide  of  nickel  is  suspended:  water  becomes  de- 
composed; its  hydrogen  combines  with  the  chlorine,  forming 
hydrochloric  (muriatic)  acid,  while  its  oxygen  unites  to  a 
portion  of  fh^  oxide,  so  as  to  change  it  from  protoxide  to 


COBJlLT.  yy 

peroxide.  The  peroxide  thus  formed,  being  insoluble,  i8€«a>.  ni. 
easily  separated*    The  .uoaltered  portion  of  the  oxide  dis*  *"! 
solYes  in  the  hydrochloric  acid* 

%•  Peroxide  of  nickel  has  a  black  colour*  It  dissolves  in 
ammonia  with  effervescence,  yielding  up  at  the  same  time 
part  of  its,  oxygen,  which  combines  with  the  hydtogen  of 
the  ammonia,  the  azote  of  the  latter  being  evolved.  Its  so- 
lution in  acids  is  attended  with  effervescence  also;  owing 
to  the  evolution  of  oxygen,  during  its  conversion  into  pnn 


3.  It  is  composed  of 

Nickel  54 

Oxygen  S4 

78*— Thns  this 
oontains  one  and  a  half  times  as  much  oxygen  as  the  pro- 
toxide; or,  which  is  the  same  thing,  twice  as  much  nickel, 
united  to  three  times  the  quantity  of  oxygen* 


VII.  Nickel  combines  in  one  proportion  widi  chlorine,  Ohioflde  of 
and  forms  chloride  of  nickeL  This  chloride  cannot  be  form-  '*'*^'' 

ed  by  combustion;  but  it  may  be  obtained  by  snbliming  dry 
hydrochlorate  (muriate)  of  nickel.  Its  properties  and  com- 
position have  not  been  ascertained. 

VIII.  Phosphuret  of  nickel  may  be  formed  by  dropping  Fkofpkikr 
phosph<Nrus  upon  metallic  nickel,  while  at  a  red  heat.  It  is  ""^ 

a  very  britde  and  moderately  hard  substance  of  a  tin  white 
colour.  It  possesses  the  metallic  lustre* 

IX.  Sulphuret  of  nickel  may  be  formed  by  fusing  toge-  Soiphuret 
tfaer  its  constituents.  It  has  a  yellowish  white  cobur. 


SECTION  III. 

OP  COBALT. 

I.  Cobalt  may  be  obtained  by  the  following  process:  Cobalt;  boi 
Treat,  by  the  assistance  of  heat,  one  part  in  powder  of  ^'^^''^ 
the  ore  of  cobalt,  in  which  the  metal  exists  minera- 
lized by  arsenic,  iron  and  sulphur,  ilirith  three  parts  of 
aqua  regia,  as  long  as  any  portion  of  it  is  dissolved.  The 
aqua  reria  dissolves  all  the  ore  except  the  sulphur.  Filter 
the  liquid  obtained,  in  order  to  separate  the  insoluble  part, 
and  add  to  it,  a  solution  of  carbonate  of  potash,  as  long  as 
it  causes  any  precipitate.  This  precipitate  consists  of  cobalt 
combined  with  iron  and  arsenic.  Separate  it  bv  the  filter, 
dissolve  it  in  nitric  acid  and  add  ammonia.  This  step  in 
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Book  I.    the  process throwt  down  the  tnetali  incondiiftatiAfe  widi  am- 

jpttiikto  I.  moiiia*  The  metals,  bj  being  in  this  state  of  coaibiBation, 

are  rendered  soluble  in  acetic  acid  (pore  vinegar).  Ax^eoirA* 

inglf  dissolve  the  precipitate  last  foraiod  in  aeetie  acfal, 

and  evaporate  the  solncioQ  until  it  let  laD  a  red  powders 

this  powder  will  prov«  to  be  oaide  of  iron.  After  it  is  win 

parated,  the  remaining  solution  consism  of  aoetate  of  cobalt 

contaminated  with  arsenic.  In  order  to  separate  the  arscnio 

^tdd  liquid  ammonia.  The  aasmonia  comoines  with  die  co« 

bait  and  remains  in  solution,  while  the  arsenic  falls.  The 

arsenic  being  separated  by  the  filter,  nothing  remains  hut 

an  ammoniacal  solutidm  of  cobak#  Evaporate  this  solution 

to  dryness,  to  drive  off  the  ammonia,  and  expose  the  dry 

mass,  being  oxide  of  eebalt,  mixed  with  three  parts  of  black 

flux  and  one  part  <rf  borax,  to  a  violent  heat  in  a  crucible. 

The  oxygen  becomes  sepanted  by  the  flux,  and  ^Kre  is 

obtained  a  metallic  button  of  cobalt. 

Where  II.  Cobalt  is  fband  prinoipaily  in  Germ^any,  Sweden^ 

found.        Norway  and  Hungary,  mineralized  usually  by  arsenic,  iron 

and  sulphur*  It  has  occasiomdiy  been  fetmd  comlnaed  with 

sutphnric  and  arsenic  acids. 

itf  diieQve-     III.  Cobdt  was  discovered  in  17SS  by  the  Swedish  che* 

^'  mist  Brandt,  by  whom  it  was  called  by  its  present  asMMe* 

Pronertica      IV.  Cobalt  IS  of  a  grey  coloiir  with  a  shade  of  red.  If  is 

of edMii.    rather  soft^  and  has  very  Ksde  SftetaSKc  briAKanc^.-  It  has 

scarcely  any  taste  or  smell.  It  undergoes  no  chmige  frMi 

exposure  to  air  or  hnmersioa  in  water.  Its  fasitig  poittt  itf 

at  the  temperature  of  t9CR  of  Wedge  wood. 

8pee.  gni?.     V«  It  is  a  lidle  HMire  than  eight  anda  half  tknes  m  htmy 

8-53.     as  water* 

Cobeit  VI.  Cobalt  unites  in  two  proportions  with  oxygen,  and 

M^ra!^^  forms  protoxide  and  peroxide  of  cobalt. 

1.  Pratoz-       !•  Protoxide  of  cobalt  may  be  obtained  by  dissolving  co- 

ide.  bait  in  nitric  acid,  and  precipitating  the  solution  by  means 

of  potash.  The  precipitate  must  be  washed  and  dried,  and 
exposed  to  a  cheny  red  heat,  to  drive  off  the  oxygen,  which 
it  will  have  aAmorDcd  during  die  process  of  drying;,  it  is 
then  pore  procoxidc  of  cobah. 

lu  proper-      ^*  '^^^  oxhfe  has  a  fine  bine  cdbur.    It  dissolves  in. 

tiet.  apdds  without  effervescence.  Its  solution  in  hfdrocMoric  (ma* 

rintic)  acid,  when  concentraoed;  is  Une,  but  when  dilntedr 
red.  In  sulphuric  or  nitric  solutions^  it  \»  always  red*   Jt 
entera  into  the  composition  of  the  sadts  of  oadriized  cDixdt. 
3.  Protoxide  of  cobalt  is  composed  of 

Cobak  » 

Oiqfgctt  g 

37 
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1.  jPiPOMiA  tfcob^  flMjr  be  foroMcl  bjr  iMatiiig  tbt  pro-  Cbav.iii. 
toEide  in  the  open  akw   Tbe  preCoside  abBorfae  osygen  md  ^^^^^^ 
becomes  converted  into  peroKide.  ide^ 

d.  Thie  osi|ie  hat  e  Mack  colour.  It  gives  out  part  of  its  lu  prapn*. 
OKygen  with  effervesceooe,  when  dissolved  in  hydrochloric  ^^ 
{muriatic)  aoid;  chlorine  being  ft  the  same  time  evolved. 
It  does  not  enter  into  the  composition  of  salts. 

^  Peroxide  of  cobalt  is  composed  of 

Cobalt  58 

Oxygen  «!• 

r9.~When  this  oxide  is 
compared  with  tbe  protoxide  as  to  composition,  it  will  be 
perceived  that  it  contains  twice  as  much  cobalt,  combined 
with  somewhat  less  than  three  times  as  much  oxygen.  So 
that  the  wunbers  of  the  two  oxides  do  not  adout  of  any 
exact  comparison. 

■ 

VII.  Chloride  of  cobalt  may  be  formed  by  burning  ckiorUe  oT 
cobalt  io  chlorine  gas.  It  Ims  not  been  exf  mined  with  ae«>  «*^<- 
curacy. 

VIII.  Photpphuret  of  cobak  may  be  formed  by  heating  PfMiplm- 
ihe  metal  red  hot,  and  dropping  into  it  small  pieces  ^'^^ 
phosphoros.  It  is  a  white  and  brittle  substance,  which  soon 
tarnishes  in  the  air.  It  contains  about  t^-th  of  its  weight  of 
pbon>homs. 

IX.  Sulphuret  of  cobalt  may  be  formed  by  mehing  the  Soiphuret 
metal  with  sulphuret  of  potash:  the  sulphor  combines  with 

the  metal,  and  the  potash  is  separated.    It  has  a  yellowish 
white  colour.  Its  composition  is  not  aceuratflf  known. 


SECTION  IV. 

OF  MANQAlVBSa 

I.  Manganese  may  be  obtained  by  the  following  pro- ManguMe 
cess:  Make  up  the  Uack  oxide  of  manganese,  finely  pow-  ^^L^^"' 
dered,  into  a  ball  with  pitch.    Put  it  into  a  crucible  lined 

with  charcoal,  and  fiUcd  with  charcoal  powder.  Close  the 
crucible  with  a  cover^  which  must  be  well  luted  on.  The 
whole  must  then  be  exposed,  for  an  hour^  to  tbe  stroogest 
heat  that  can  be  raised.  A  small  button  of  tbe  Qietal  wUl 
be  found  in  the  bottom  of  the  crucible. 

II.  Manganese,  almost  always  in  the  state  of  oxide,  is  Where 
found  abundantly  distributed  ia  differcnjt  parts  of  the  world;  ^^^^' 
particularly  in  France,  Spain,  Germany  and  England. 


^  BA81FIABLB  COMBDBTIBUBS. 

Book  I.       Ill*  Abottt  the  year  1770^  several  chemists  suspected 
Diffajon  I.  that  the  mineral  called  manganese  was  a  metallic  oxide;  and 

Disooveiy.  Kaim  published  a  set  of  experiments  to  prove  that  a  metal 
might  be  obtained  from  it.  Numerous  attempts  were  made 
to  reduce  it  to  the  metallic  state,  which  were  unsuccessful, 
until.  Gahn  invented  the  process  which  has  just  been  des- 
cribed. 

Pitipertiet      IV.  Manganese  has  a  greyish  white  colour,  resembling 

^^^8*-  that  of  cast  iron,  and  considerable  brilliancy.  It  has  neither 
taste  or  smell.  It  is  softer  than  cast  iron  and  yields  to  the 
file.  It  is  very  brittle,  and  its  fracture  is  uneven  and  fine 
grained.  In  the  air,  it  loses  its  lustre;  becoming  succes- 
sively grey,  violet,  brown  and  at  last  black.  When  dirown 
into  water  it  decomposes  that  liquid  with  considerable  ra- 
pidity; hydrogen  being  at  the  same  time  evolved.  Its  fusing 
point  is  at  the  temperature  of  160^  of  Wedgewood. 

Spec.  graT.     V.  It  is  very  little  more  than  eight  times  as  heavy  as 
8  013.     ^ater. 

Manguiete     VI.  Manganese  combines  in  three  proportions  with  ozy- 
ftratthree  g^n,  and  forms  protoxide,  deutoxide  and  peroxide  of  man- 
ganese. 
KProtox-       1»  Protoocide  of  manganese  mxf  he  obtained  by  dissolv- 
ing the  mineral  called  manganeee  in  an  acid,  and  precipi- 
tating the  solution  by  potash.  The  precipitate  which  appears 
consists  of  this  oxide.    It  is  an  olive-green  powder,  which 
becomes  black  upon  exposure  to  air,  in  consequence  of  the 
absorption  of  oxygen.  It  is  this  oxide  generally,  which  en- 
ters into  the   composition  of  the  salts  of  oxidized  man* 
ganese. 
2.  It  is  composed  of 

Manganese         28 
Oxygen  8 


ide. 


ide» 
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aDeatoz-       1.  Deutoxide  of  manganese  may  be  formed  by  exposing 
'^'^  nitrate  of  manganese  to  heat;  or  by  burning  the  protoxide 

in  the  open  air.  It  has  a  black  colour. 
2.  It  is  composed  of 

Manganese         56 
Oxygen  24 

80.— -So  it  appears  that 
this  oxide  contains  three  times  as  much  oxygen,  united  to 
twice  as  much  manganese,  as  the  protoxide.* 


*  Thomton't  AimaU,  xi.  2S8.  (Mar.  1818.) 
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1.  Peroxide  of  manganese  (black  oxide  of  manganese)  Cbap.  m. 
need  never  be  formed  by  the  chemist*  It  occurs  abundantly  3  peros. 
native,  particularly  in  the  county  of  Devonshire,  England,  kie. 
When  pure  it  has  a  radiated  texture,  and  a  dark  steel-grey 
colour.    Its  lustre  is  considerable*  It  is  brittle,  very  soft, 

and  soils  the  fingers*  It  is  about  four  and  three-fourths  as 
heavy  as  water.  When  heated  to  redness,  it  is  converted 
into  a  red  powder,  which,  by  treatment  with  acid^t  imme- 
diately separates  into  protoxide  and  deutoxide.*  Hence  it 
is  probable  {hat  this  powder  is  a  mixture  of  these  oxides. 
2*  Peroxide  of  manganese  is  composed  of 

Manganese  28 

Oxygen  16 

44—80  that  it  contain^ 
twice  as  much  oxygen  as  the  protoxide.f 

VII*  Manganese  combines  in  one  proportion  with  chlo-  Mmgniate 
rine,  and  forms  chloride  of  manganese*  ^hi™*d 

1*  This  chloride  was  first  obtained  by  Dr.  John  Davy, 
by  dissolving  peroxide  of  manganese  in  hydrochloric  (mu- 
riatic) acid,  evaporating  the  solution  to  dryness,  and  ex- 
posing the  dry  mass,  thus  obtained,  to  a  red  heat  in  a  glass 
tube  with  a  narrow  ori6ce. 

2.  Chloride  of  manf^anese  has  a  delicate  pink  colour,  and  lu  propci<t 
a  lamellar  texture.  Wbene  xposed  to  the  open  air,  it  deli-^^' 
quesces,  and  is  converted  into  hydrochlorate  (muriate)  of 
manganese. 

3.  It  is  composed,  in  whole  numbers,  of 

Manganese  28 

Chlorine  33* 

61 

VIII*   Phosphuret  of  manganese  may  be  formed    byPhcwphnrtl 
dropping   phosphorus   upon  red  hot  manganese.    It  is  aj^"^"*"" 
white  brittle  substance  of  a  granular  texture*    It  is  not 
altered  by  exposure  to  air.   It  fuses  much  more  readily 
than  manganese* 

IX*  Sulphuret  of  manganese  may  be  formed  by  heating  Solpliaret 
sulphur  and  manganese  together*   Its  properties  and  com- 
position have  not  been  accurately  made  out. 

*  Thonm't  Aaoftliy  li.  298.  (MarcOi,  1818.)—tll»><l* 
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— SECTION  V. 

OF  CERIUM. 

Cerium;  I.  CcRiUM  may  be  obtained  by  the  following  process:— 

ed'pwe*'"'  Digest  the  mineral  called  cerite  (a  compound  of  oxide  of 
cerium,  silica,  and  oxide  of  iron)  in  fine  powder  in  nitric 
acid,  until  every  thing  soluble  is  taken  up.  The  nitric  acid 
dissolves  the  oxides,  and  leaves  the  silica  untouched,  which 
appears  in  the  form  of  an  insoluble  residue*  Decant  the 
clear  solution  from  this  residue,  and  add  to  it  oxalic  acid,  as 
long  as  any  precipitate  appears.  This  acid  falls  in  combina- 
tion with  the  oxide  of  cerium,  while  the  oxide  of  iron  still 
remains  in  solution.  Separate  this  precipitate,  and,  after 
being  washed  and  dried,  expose  it  to  a  red  heat.  The  oxalic 
acid  is  decomposed  and  driven  off,,  and  a  red  powder  is 
obtained,  which  is  cerium  in  the  state  of  oxide.  The  reduc- 
tion of  the  oxide  to  the  metallic  state,  by  means  of  carbo- 
naceous substances^  is  attended  with  great  difficulty,  and  is 
accomplished,  under  the  most  favourable  circumstances,  in 
an  imperfect  manner  only.  Sir  H.  Davy,  however,  suc- 
ceeded in  obtaining  the  metal  pure,  by  heating  the  oxide  in 
contact  with  potassium.  The  potassium  becomes  converted 
into  potash,  and  the  pure  metal  is  developed. 
Where  II.  Cerium  has  been  found  hitherto  principally  in  Sweden. 

found.  ii  occurs  Combined  with  silica  and  iron,  in  the  mineral  called 
cefite;  and  also  with  hydrofluoric  (fluoric)  acid,  yttria,  and 
thorina,  in  several  other  minerals. 
Aoeoantof  III.  Before  the  discovery  of  the  metallic  nature  of  the 
iudisooTc-  earthy  salifiable  bases,  it  remained  for  some  time  doubtful 
^^'  whether  the  powder  obtained  from  cerite  was  an  earth  or  a 

metallic  oxide.  Klaproth  supposed  it  was  an  earth;  and 
Vauquelin  was  in  doubt  which  of  the  two  to  consider  it. 
Hisinger  and  Berzelius  obtained  the  same  peculiar  pow- 
der from  the  mineral,  and  considered  it  a  metallic  oxide: 
but  these  chemists  were  unable  to  reduce  it  to  the  metallic 
state.  Vauquelin  re-examined  the  powder,  with  the  view  to 
reduce  it,  if  possible.  These  attempts,  although  unsuccessful, 
were  sufficient  to  demonstrate  its  metallic  nature.  It  was 
ultimately  reduced  by  Sir  H.  Davy  in  the  manner  already 
mentioned. 
Propertiet  IV.  Cerium  has  been  but  very  imperfectly  examined, 
of  eeriam.  According  to  Sir  H.  Davy,   it  is  a  deep-grey  metallic 

powder. 
Forms  two      ^*   Cerium  forms,  with   oxygen,  a  protoxide   and  a 
oudet.       peroxide.  The  former  is  white;  the  latter  reddish-brown. 


URAKIUM.  g3 

No  accurate  analjrsis  has  been  made  of  them.  They  both  c»i>.lir, 
enter  into  the  coroposttion  of  the  salts  of  oxidized  cerium.  — ^ 


SECTION  VI. 

OF  URANIUM. 

I.  Uranium  may  be  obtained  from  pechblende  (a  mineral  Unoiam; 
in  whicli  the  metal  exists  in  the  state  of  oxide,  mixed  with  ^  o^uin- 
solphuret  6f  lead,  oxide  of  iron,  and  silica)  by  the  following 
process:  Roast  the  mineral  for  some  time,  in  order  to  drive 

off  the  sulphur;  and  then  digest  it  in  nitric  acid,  until  every 
thing  soluble  is  taken  up.  The  acid  dissolves  the  metals, 
and  leaves  the  silica.  Decant  the  clear  solution,  and  add  to 
it  carbonate  of  potash  as  long  as  any  precipitate  appears: 
this  precipitate  consists  of  oxide  of  uranium,  united  to 
carbonic  acid.  Separate  it,  and,  after  being  washed  and 
dried,  expose  it,  made  up  into  a  paste  with  oil,  in  a  crucible 
lined  with  charcoal,  to  a  violent  heat.  The  carbonic  acid  is 
driven  off,  and  the  oxygen  of  the  onde  separated;  so  that 
nothing  remains  but  pure  uranium. 

II.  Uranium  is  found  in  the  state  of  oxide,  mixed  with  Where 
small  quantities  of  iron,  lead,  and  copper,  in  ores  which  ^^'^ 
occur  in  Germany,  Norway,  France,  and  England. 

III.  It  was  discovered  in  1789,  by  Klaproth,  by  whom  it 
was  called  by  its  present  name. 

IV.  Uranium  is  a  metal,  having  an  iron-grey  colour,  and  Iti  proper- 
considerable  lustre.  It  is  soft  enough  to  yield  to  the  file.       ^^ 

V.  It  is  somewhat  more  than  eight  times  as  heavy  as  Spee.  mv. 
water.  •'*^- 

VI.  Uranium  forms,  with  oxygen^  a  protoxide  and  per-  Farau  two 
oxide;  both  of  which  have  the  property  of  neutralizing  o*****^ 
acids. 

1.  Protoxide  of  uranium  may  be  formed  by  heating  thei.  p^itoz- 
metal  to  redness  in  an  open  vessel.    It  glows  like  a  live  "^ 
coal,  absorbs  oxygen,   and  is  converted  into  a  powder, 
which  consists  of  this  oxide.  Its  colour  is  greyish  black. 

2.  It  is  composed  of 

Uranium  125 

Oxygen  8 

133 
1.  Peroxide  of  uranium  may  be  obtained  by  dissolving  3.  peroxUie. 
uranium  in  nitric  acid,  and  precipitating  the  solution  by 
potash.   The  precipitate   which   appears   is  the  oxide  in 
question.  It  has  a  yeUow  qoloun  Chevreul  has  noticed  that 
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i^ooitL   thcr  alt.  When  diMAved  in  water,  it  decomposes  this 
DiirisioB  T.  ihinid^  and  b  convetted  into  hjrdriodate  of  zinc    It  is 
composed  of 

Zinc  3d 

lodfaie  195 

158 

*  ^ 

Pb<Mpha.       VIII.  Phosphuret  of  zinc  may  be  formed  by  dropping 
i«t-  small  pieces  of  phosphorus  into  melted  zinc.  It  has  a  white 

colour  and  the  metallic  lilstre.  It  possesses  some  degree  of 
malleability. 
Siiiphdret.  IX.  SulphuTet  of  zinc,  as  has  been  mentioned,  occurs 
native  in'  abundanbe  uiider  the  name  of  blende.  It  cannot 
easily  be  formed  artificially.  It  is  a  *  tasteless,  insoluble 
substimee  of  a  btx^wn  colovrr.  It  is  about  four  times  as 
heavy  as  water. 


CaAnianiy  Sihce  this  voliiine  was  prepared  for  the  press,  I  find,  by 
a  new  me-  the  scientific  journals,  that  Stromeyer  has  disf:6vered  a 
r^J^  new  metal,  to  which  he  has  given  the  name  ot  Cadmium* 
Stromeyer.  The ' discovery  Was  made  in  the  autuinn  of'ialT. 

This  metal  owed  its  discovery  to  the  following  circum- 
stances. Stromeyer,  while  making  a  general  inspection  of 
the  apothecaries'  shops,  found,  that,  in  several  ot  them,  a 
dnrbonate  of  zine  was  sirid  under  the  name  of  the  oxide. 
Upon  inquiring  the  reason  of  this,  at  the  manufactory 
where  the  preparation  of  zine  had  been  made;  the  explana- 
tion given  was^  that  the  carbonate,  when  exposed  to  heat 
for  conversion  into  osde,  always  assumed  a  yellow  colour, 
seeming  to  indicate'  the  presence  of  iron  or  lead,  although 
neither  of  these-  meuds  could  be  detected  in  it.  The  resvdt 
of  the  examination  of  tiiis  suspected  oxide^  by  Stromeyer, 
was  the  discovery  of  cadmium,  to  which  it  owed  its  pecu- 
liar colour.  Since  making  this  discovery,  Stromeyer  has 
found  the  same  metal  in  tutty,  and  sevend  other  oxides  of 
zinc,  but  always  in  small  amount,  varying  from  1  per  cent, 
to  -^  of  1  per  cent.  He  has,  however,  more  lately  discover- 
ed it  in  a  preparation  of  zinc  from  Silesia,  which  had  been 
supposed  to  contain  arsenic.  In  this  last,  the  new  metal 
exists  to  the  amount  of  three  per  cent« 
lu  proper-  Cadmium  has  a  light  white  colour,  inclining  a  litde  to 
ciet.  grey*   It  possesses  considerable  brilliancy,  and  admits  of  a 

fine  polish.  It  has  a  compact  texture  and  hackly  fracture* 
Spee.  mr.  It  is  about  eight  and  three-fourth  times  as  heavy  as  water. 
8'7sa     Jt  is  ductile  and  malleable,  when  either  cold  or  hoti  Its 
melting  point  is  somelrhat  under  redness,  and  its  point  of 
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vaporizatioii9  under  that  at  -Fhich  mercury  .bails.  It  is  jtte-  c»A».ni. 
cipitated  from  its  solutiQiis  by  .zinc  In  the  metaUic  state.  It 
forms  but  one  oxide,  which  may  be  obtained  readily  by 
combustion*  This  omide  has  a  greeniah-^yeUow  colour.  It 
possesses  all  the  properties  of  a  salifiable  base,  and  the 
salts,  which  it  forms,  haye  generally  a  wiute  colaur.* 


Lampadius  has  lately  discovered  a  new  metal  in  awndani. 
mineral  from  Hungary,  supposed  to  have  been  a  co^altj*"*jjJ^*''' 
ore.  He  has  given  it  the  name  of  Wodanmtn.   It  occurs  in  ^  meuir^ 
the  Hungarian  mineral  to  the  amount  of  20  per  cent,  asso- 
ciated with  sulphur,  arsenic,  iron  and  nickel. 

This  new  metal  has  a  bronze  yellow  colour.  It  possesses  lu  propov 
malleability,  and  has  a  hackly  fracture.  It  is  not  tarnished  ^^^ 
by  mere  exposure  to  air;  but  when  heated,  it  is  converted 
into  a  black  oxide.  It  is  about  eleven  and  ^  half  times  as  Speo.  gnir. 
heavy  as  water.t  "•*^^- 


SECTION  VIIL 

OF  LEAD. 

I.  Lead  may  be  obtained  pure  by  the  following  process:  Lend;  Imw 
Dissolve  the  lead  of  commerce  in  nitric  acid,  and  precipi-  ^'^^■'^ 
tate  the  solution  by  means  of  sulphuric  acid.  Separate  the  ^*^' 
precipitate  thus  formed;  and,  after  being  washed  and  dried, 

fiix  it  with  two  or  three  tiroes  its  weight  of  black  flux,  and 
expose  it  to  a  red  heat.— When  sulphuric  acid  is  added  to 
a  nitric  solution  of  impure  lead,  a  pure  sulphate  of  lead  pred- 
pitates.  The  lead  is  obtained  from  this  sulphate  in  conse- 
quence  of  the  heat  to  which  it  is  exposed,  which  drives  off 
the  sulphuric  acid  and  oxygen. 

II.  Lead  is  obtained,  in  the  large  way,  by  a  very  different  How  oh- 
process:  The  ore  called  galena  (sulphuret  of  lead)  is  sepa*  ^^  ^■^ 
rated  from  impurities  as  rar  as  possible,  and  then  pulverized  vi^/^^ 
and  washed.   It  is  next  roasted  in  a  reverberatory  furnace; 
taking  care  to  stir  it  about,  in  order  to  expose  all  its  surfaces 

to  the  air.  When  it  begins  to  soften,  it  is  to  be  mixed  with 
charcoal,  and  the  mixture  stirred,  while  the  heat  is  increas- 
ed gradually.  After  some  time  the  lead  in  the  metriKc  state 
begins  to  run,  and  passes  through  holes  in  the  bottom  of  the 
iiirnace  into  a  recipient  below.  The  metal  is  then  cast  in 

*  Annab  of  PhilMophyf  (Feb.  1819)  p.  10S»  et  leq.       f  ^td.  (Afirch  1819) 
p,SSS. 
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Book  I.   iroD  moulds,  80  as  to  form  the  oblong  masses,  known  m 
Division  I.  commerce  by  the  name  of  pig  lead. 

Lead  oe-  II L  The  most  abundant  ore  of  lead  is  galena  (sulphUret 
•un^nttiYe  ^f  iead\  The  metal  occurs  idso  in  the  state  of  oxide,  and 
■oiphuret    m  combination  with  acids* 

Prapertiet  IV.  Lead  has  a  bluish  white  colour,  and,  after  being 
of  lead.  newly  melted,  a  bright  surface,  which  soon  tarnishes.  It 
has  a  perceptible  taste,  and  a  peculiar  smell  upon  friction.  It 
is  very  soft  and  malleable;  but  its  ductility  is  not  very  great. 
Its  fusing  point  is  at  the  temperature  of  612^;  and  when 
subjected  to  a  greater  heatj  in  close  vessels,  it  boils  and 
rises  in  the  form  of  vapour. 
Spec  graT.      V.  It  is  somewhat  less  than  eleven  and  a  half  times  as 

^^'^^  heavy  as  water. 
LomI  formi  VI.  Lead  combines  in  two  proportions  with  oxygen^ 
wiUi  osy-  3Qd  forms  protoxide  and  peroxide  of  lead.  Litharge  is  an 
LProtox-  impure  protoxide  of  lead,  amd  will  be  described  immediately 
^^  •  k  ^^^^^  ^^  protoxide.  Red  lead  is  a  mixture  of  the  two 
siPeroiiSe.  oxides  of  lead,  and  will  be  noticed  after  the  peroxide.  AU 
4.  Red  ox-  these  oxides,  when  vitrified  by  fusion,  are  found  very  use- 
,  ful  in  purifying  silver  and  gold.  When  in  fusion,  they  have 

oaJdes^  the  property  of  oxidizing,  and  combining  with,  all  the 
loMiasedin  inferior  metals.  Hence,  if  impure  silver  or  gold  be  melted 
eapeiu-  ^[^y^  ^  portion  of  lead,  in  a  shallow  cup  called  a  cupel,  made 
of  ashes  and  burnt  bones,  and  the  heat  continued  for  some 
time;  the  lead  becomes  oxidized,  and,  after  vitrification,  com- 
bines with  the  contaminating  metals  and  sinks  into  the 
cupel;  while  the  silver  or  gold  remains  behind  in  a  pure 
state.  This  process,  from  the  name  of  the  cup  employed,  is 
called  cupeUatton^'^Tht  oxides  of  lead  will  now  be  consi- 
dered individually. 

I.  Protoxide  of  Lead  or  Maseicat. 

Protoxide        1.  This  oxide  may  be  obtained  by  dissolving  lead  in  nitric 
of  lead;  iu  ^qI^^  go  as  to  form  a  colourless  solution,  and  precipiuting 
Soo?*"'     it  by  means  of  carbonate  of  potash,  added  in  excess.  The 
precipitate,  after  being  washed  and  dried,  and  exposed  to  a 
red  heat,  consists  of  ^e  oxide  in  question. 
ProperUes.      2.  Protoxide  of  lead  is  of  a  yellow  colour.  It  has  no  taste; 
and  is  insoluble  in  water,  but  dissolves  in  acids  and  in  pot- 
ash. When  exposed  to  a  gentle  heat,  it  melts  into  a  yellow 
semi-transparent  brittle  glass. 
Composi-        3.  It  is  composed  of 
^<»-  Lead  104 

Oxygen  8 

Tl2 


4.  The  nnMitot  of  coimMrce  af^lm  to  be  <hfh  Mide;  Irof  cifi^.  itt. 
it  19  prepared  in  a  different  manner  from  that  jnat  describe  d.  il^^^^^^T^ 
Lead  is  kept  Thehed,  and  the  pelKcks  which  fomv  6n  its  pnnoMfo  * 
stirftfce  arc  successively  removed,  unti*  at  last,  the  whole  °^*«***  ■•• 
•f  the  metal  has  undergone  this  conversion.  The  substance  uo2?*"" 
dius  fDrmed  is  next  exposed,  in  an  open  vessel,  to  heat,  and 
stirred,  ontrl  it  assume  a  yellow  colour:  by  this  manage- 
ment  it  becomes  converted  into  massicot.    The  peHicles, 
when   first  obtained,  are  a  mixture  of  metallic  lead  and 
protoxide.  By  the  subsequent  exposure  to  heat  and  stirring 
in  an  open  vessel,  the  metallic  portion  absorbs   oxygen, 
whereby  the  whole  is  converted  into  protoxide. 

11.  ShM-vUriJUd  oxide  af  Ltai,  &r  Litharge, 

!•  Semi- vitrified  oxide  of  lead  is  formed  during  the  pro-  « lithtrg«; 
cess  for  separating   from  lead,   a  portion  of  silver,  with  "^  ?■*?•• 
which,  in  larger  or  smaller  amount,  the  metal  is  usually 
combined.  The  process  consists  in  thi*s:  The  lead  is  placed 
upon  a  large  ftat  dish  called  a  test.*  The  fame  of  a  blast 
furnace  is  made  to  act  upon  its  surface;  the  effect  of  which- 
is  to  colivert  the  tead  imo  a  semi-vttrificd  substanci?;  part 
of  which  is  blown  off  the  test,  while  tlVe  remail^der  sinks 
into  it.  Whatever  portion  of  silver  the  lead  may  have  con- 
tained, remains  unaltered  on*  the  test.   The  semi-vitrified 
substance  is  this  oxide  of  lead,  commonly  called  Btharge. 

2.  Semi-vitrified  oxide  of  lead  appears  to  be  composed  Conilrtiof 
of  scaler,  partly  of  a  red,  and  partly  of  a  golden-yeHoir  co-  JJ^^ned 
lour.  It  is  found  to  consist  of  protoxide  of  lead,  comMned  witH  oo-- 
with  a  small  portion  of  carbonic  acid.  Uik*  ofH^ 

d.  Semi-vitrified  oxide  of  lead  or  litharge  has  several  usestharge  in' 
in  the  arts.  It  is  employed  in  the  glaring  of  pottery;  and  tbe  arts; 
by  painters  to  render  linseed  oil  more  drying.  It  enters  as 
a  component  pare  in  some  kinds  of  glass;  in  the  manufac- 
ture of  which,  it;  is  useful  by  facilitating  fusion* 

4k  It  is  also  very  useful  in  pharmacy.    It  constitutes  theandinphar- 
bases  of  m  number  of  plasters,  which  unquestionably  are  '^^^y- 
ttsefiil  kt  abating  ioflamaiation,  and  as  drying  applications. 

ni.  Peroxide  of  Lead. 

1.  Thb  oxide  may  be  prepared  by  causing  chlorine  gas  s.  Perox- 
to  pass  into  a  vessel^  partly  filled  with  water,  and  contain-  ^^J^*** 
ing  red  fead^  The  red  lead  becomes  further  oxidized  at  the  tion. 
expense  of  the  water,  and  is  at  last  dissolved*   By  dropping 


^  Thla.  iMtmneDt  itfornied  bj  beaitng  a  mixture  of  burnt  booet  and  fcra 
■akea  in  an  iron  hoop  lo  as  to  form  a  thallov  eavitj. 

M 
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b«okI.   potash  into  the  solution  thus  obtained,  a  precipitate  appears 
Dif  jMoo  I.  ^hich  consists  of  this  oxide. 

Its  proper-      2«  Peroxide  of  lead  is  a  very  fine  light  tasteless  powder 
t>c«*  of  a  flea-brown  colour.  It  is  not  acted  upon  by  sulphuric 

or  nitric  acid.  It  decomposes  hydrochloric  (muriatic)  acid, 

its  hydrogen  being  absorbed,  while  its  chlorine  is  evolved. 

When  heated,  it  gives  out  half  its  oxygen  and  is  converted 

into  protoxide. 
Compoil-        3,  It  is  composed  of 
**"•  Lead  104 

Oxygen  16 

120.— ^o  that  it  appears 
that  this  oxide  contains  twice  as  much  oxygen  as  the  pro- 
toxide. 

IV.  Red  oxide  of  Lead,  J^nium,  or  Bed  Lead. 
4.  Red  ox-       1.  Red  oxide  of  lead  may  be  obtained  by  the  following 
pApawT*'  P^<^®*^*  Expose  m&ssicot,  ground  to  fine  powder,  for  forty- 
tioD.  eight  hours  to  heat,  and  let  the  flame  of  a  furnace  act  upon 

its  surface,  while  it  is  constandy  stirred.  The  massicot  ab- 
sorbs oxygen  and  is  converted  into  red  oxide  of  lead. 
Propertiei.      2.  Red  oxide  of  lead  is  a  very  heavy  powder  of  an  in- 
tensely red  colour.  It  has  no  taste.  When  heated  to  redness, 
it  gives  out  oxygen,  and  gradually  melts  into  a  dark  brown 
coloured  glass. 
Bed  letd  of     3.  The  red  lead  of  commerce  is  found  to  contain,  besides 
eomraeree,  red  oxide  of  lead,  some  protoxide,  together  with  sulphate 
red  oSdeT  ^°d  hydrochlorate  (muriate)  of  lead,  and  silica.  When  se- 
parated  from  these  substances^  it  was  found  to  be  com- 
posed of 

Lead  208 

Oxygen  24 

232. — Hence  it  would  ap- 
pear that  red  oxide  of  lead  is  an  intermediate  oxide,  con- 
taining three  times  as  much  oxygen,  united  to  twice  as  much 
The  red  ox- lead,  as  the  protoxide.  But  the  results  obtained  by  the  ac- 
pcKinded'of  ^^^°  ^^  acids  upon  this  oxide,  favour  the  supposition  that 
tbeprntoz-  it  is  a  compouud  of  protoxide  and  peroxide,  rather  than  a 
ide  mod  per- peculiar  oxide.  Thus  if  nitric  acid  be  poured  upon  the  red 
oxide  of  lead,  a  portion  only  is  dissolved,  which  proves  to 
consist  of  protoxide:  the  other  portion,  not  attacked  by  the 
acid,  is  found  to  be  peroxide.  Now  this  separation  into  pro- 
toxide and  peroxide  always  takes  place,  when  the  attempt  is 
made  to  dissolve  red  oxide  of  lead  in  acids. 
Uies  of  the     4.  Red  oxide  of  lead  as  a  paint  is  extensively  used  in  the 
«d  oxide,   j^g^  Qf  all  the  oxides  of  lead,  it  is  preferred  as  a  flux  in  the 
manufacture  of  glass. 


TIN- 


91 


VII.  Lead  combines  in  one  proportion  widi  chlorine  and  Cha>.  hi. 
forms  chloride  of  lead*  Le«i  forms 

!•  Chloride  of  lead  (horn  lead)  may  be  formed  by  precipi-  ?^*'*'®" 
fating  a  solution  of  nitrate  of  lead  by  chloride  of  sodium  " 
(common  salt).  The  precipitate  obtained,  by  being  melted, 
is  converted  into  this  chloride. 

2»  Chloride  of  lead  is  a  semi-transparent  substancie  of  aluiiroi>er- 
greyish-white  colour,  having  some  resemblance  to  hom.^*^- 
When  heated  in  the  open  air,  it  evaporates  in  the  form  of  a 
white  smoke;  but  in  close  vessels,  it  remains  fixed  even  at  a 
red  heat. 

3,  It  is  composed  of 

Lead  104 

Chlorine  36 

140 

VIII.  Lead  is  capable  of  forming  an  iodide  by  means  of  Iodide  of 
heat.  It  has  a  fine  yellow  colour.  Its  exact  composition  is  '^*''' 
not  known* 

IX.  Phosphuret  of  lead  may  be  formed  by  dropping  bits  Phovpba- 
of  phosphorus  into  melted  lead.  It  has  a  silver- white  colour,  ^^^ 
with  a  shade  of  blue. 

X.  Lead  combines  with  sulphur  and  forms  sulphuret  of  Saipfaoret 
lead.  It  occurs  abundantly  native  under  the  name  of  ga-  ^*^  ^ 
lena.  It  may,  however,  be  formed  artifically,  by  dropping 
sulphur  into  melted  lead.  It  is  a  britde,  brilliant  substance 

of  a  deep  blue  colour.  It  is  much  less  fusible  than  lead.  It 
is  composed  of 

Lead  104 

Sulphur  16 

120 

XI.  The  only  important  alloy  which  lead  forms  with  the  Alloy  of 
inetals  already  described  is  that  with  antimony.  When  it  |^j|^^ 
contains  about  sixteen  parts  of  lead  united  with  one  of  an- 
timony, it  constitutes  the  metallic  compound,  of  which  prin- 
ters' ^pes  are  made. 

XI L  The  preparations  of  lead,  when  taken  into  the  sto-  Letd^a 
mach,  prove  poisonous.  pohoo. 


SECTION  IX. 

OF  UN. 


I.  Tin  may  be  obtauned  pure,  by  boiling  the  tin  of  com-  Tin;  how 
merce,  in  nitric  acid,  for  some  time,  and  heating  strongly  ^^^^ 


M  BASIHABLE  COMBUSTIBLES. 

* 

Boo«  I.  the  white  poirder  ili«reby  formed,  m  contact  ^tb  thout 
^^"**'"  ^'  one-fourth  of  its  weight  of  charcoal  powder,  io  a  covered 

crucible  for  half  «ui  hour* 
^?^^'         II*  TUb  metal  is  obtained  from  its  ores,  by  fusion  with 
Iti  oresT^  powdered  charpoa)*    The  charcoal  separates  the  oxygen  of 
the  ore;  and  the  sulphur,  when  thai  is  present,  is  driven  oC 
Or«tof  da,     I(L  The  ores  of  tin  are  the  sulpburet  or  tin  pyrites,  and 
where        ^^^  Qxides,  Called  tin  stone  and  wood  tin.  In  Europe,  they 
are  found  abundantly  in  particular  districts  in  Germany, 
Spain  and  England-    They  are  found  abundantly  also  ia 
some  parts  of  Asia.  In  South  America  they  occur,  but  only 
in  small  amount* 
Properties       IV'-  Tin  has  a  fine  white  colour  like  silver,  and  conside- 
of  tin.         rable  brilliancy,  when  free  from  tarnish.    It  has  a  slip^htly 
disagreeable  taste,  and  a  peculiar  smell  when  rubbed.  Its 
hardness  is  between  that  of  gold  and  lead.    It  is  very  mal- 
leable, but  does  not  possess  much  ductility.    It  is  flexible 
and  produces  a  crackling  noise   when  bended.    In  air  it 
loses  its  lustre,  and  becomes  of  a  greyish  black  colour. 
Under  water,  at  the  common  temperature  of  the  atmosphere. 
It  remains  unaltered.    Its  melting  point  is  at  the  tempera- 
ture of  442®. 
Spee.  grtT.      V.  Tin  is  nearly  seven  and  one-diird  times  as  heavy  as 
7S91.     ^ater. 

Tin  foriDt       VI.  Tin  combines  in  two  proportions  with  oxygen,  and 
two  oudes.  fprmg  protoxide  and  peroxide  of  tin. 

i.  Protoi-       1.  Protoxide  of  tin  may  be  obtained  pure  by  adding  pot- 

ide.  ash,  in  excess,  to  a  solution  of  tin,  in  hydrochloric  (muriatic) 

acid,  formed  by  the  assistance  of  heat.  A  white  powder  falls, 

part  of  which  is  redissolved;  what  remains  is  protoxide  of  tin. 

Its  inroper-      2.  Protoxide  of  tin  has  a  dark  grey  colour,  and  some 

tie«.  ipetallic  lustre.  It  has  no  taste.  It  is  soluble  in  acids  and  in 

Jol^tio|j9s  of  the  prinf^pal  salifiable  bases.  When  heated  it 

takes  fire,  undergoes  combustion,  and  is  converted  into  the 

peroxide.  When  in  solution,  theaamf  ^oavfarsim  takes  plansi 

by  the  absorption  of  oxygen. 

3.  It  \%  composed  of 

'Tin  59 

Oxygen         8 

67 
t,  Ferox-  U  Peroxide  of  tin  may  be  formed  by  heating  tin  in  strong 
nitric  acid.  A  violent  effervescence  takes  place,  and  the 
whole  of  the  metal  is  converted  into  a  white  powder,  which 
consists  of  this  oxide.  It  nsay  be  obtained  also  by  heating 
tin  very  violently  in  an  open  vessel.  The  metal  catches  ire, 
apd  the  product  of  the  combustion  ia  this  o]|;id^. 


ide. 


TOf.  M 

ji»  PefT»titJc  «f  tin,  wlmi  pure,  hu  a  yeUoir  eokHHri  but  CmIII. 
wtry  ohKtk  H  ^s  obtfkiafd  wbiM^,  which  is  owing  to  the  pre-  lu  proper. 
8|snce  of  .furaier*  Itcombum  with  bpdi  actfb  Mid  saUfikble  tiet. 
bases. 

d.  It  is  ^Miposfd  of 

Tin  59 

Oxygen       16 

75.— So  that  it  contains 
twice  as  much  oxygen  as  the  protoxide. 

VII.  Tin  combines  in  two  prc^ortions  with  chlorine,  and  Tm  forms 
forms  protochloridc  and  perchloride  of  tin.  riliei****^ 

1.  Protochloride  of  tin  may  be  obtained  by  evaporating,  i  proto- 
to  dryness,  the  hydrochlorate  (muriate)  of  tin,  and  fusing  «l>lo>^«* 
the  dry  mass  in  a  close  vessel. 

2.  It  has  a  grey  colour  and  the  resinous  lustre  and  frac-  Its  proper, 
ture.  When  it  comes  in  contact  with  water,  this  liquid  is  ^^^ 
decomposed;  and  the  chloride  is  changed  into  a  hydrochlo- 
rate- (muriate);  when  heated  m  chlorine  gas,  it  undergoes 
combustion^  and  is  converted  into  the  perchloride. 

3.  It  is  composed  of 

Tin  59 

Chlorine        36 

95 

1.  Perchloride  of  tin  (fuming  liquor  of  Libavius.-"Oxy-  s.  Perehio- 
muriate  of  tin)  may  be  formed  by  distilling,  at  a  moderate  "^^ 
heat,  a  mixture  of  six  parts  of  tin,  one  part  of  mercury,  and 
thirty-three  parts  of  perchloride  of  mercurv  (corrosive  sub- 
limate). Atnrst  a  colourless  liquid  passes  rato  the  receiver; 
but  afterwarck  there  suddenly  rushes  in  a  white  vapour, 
which  condenses,  in  the  receiver,  into  a  fuming  liquid:  this 
liquid  is  perchloride  of  tin.  This  same  chloride  is  obtained 
by  the  -combustion  of  tin  in  chlorine  gas.  When  introduced 
into  it,  the  metal  undergoes  this  process  and  the  product  is 
the  chloride  in  question. 

S«  Perchloride  of  tin  is  a  colourless  liquid  like  water,  its  proper- 
When  exposed  to  the  air,  it  fumes  violently,  owing  to  the  ^^'* 
avidi^  with  which  it  absorbs  moisture. 

3.  It  is  composed  of 

Tin  59 

Chlorine       82* 

141. — So  that  this  chlo- 
fide  contains  considerably  more  than  twice  as  much  chlorine 
as  the  pvotocMoride.  The  chlorides  of  tin  dp  not  admit  of 
muf  exact  co«)pari8on  as  to  composition. 

VIII.  Iodide  of  tin  may  be  formed  by  bringing  the  melt-  iodide  of 

tin. 


»4 
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Boos  L    ed  metal  in  contact  with  the  vapour  of  iodine*  It  is  a  very 
Difiaon  f .  fusible  substance  of  a  dirty  orange  colour.    When  it  comes 
in  contact  with  water,  it  decomposes  that  liquid,  and  is  con- 
verted into  hydriodic  acid  and  oxide  of  tin. 
Photphv.        IX.  Phosphuret  of  tin  may  be  formed  by  dropping  phos- 
^'^  phorus  into  melted  tin.  It  has  the  colour  of  silver,  and  its 

filings  resemble  those  of  lead.  When  thrown  upon  hot  coals, 
the  phosphorus,  which  it  contains,  catches  fire.  It  is  com- 
posed of 

Tm  59 

Phosphorus   10* 

69 
Tin  forms       X.  Tin  combines  in  two  proportions  with  sulphur,  and 
u^roiphu.  f^j-j^  sulphuret  and  bisulphuret  of  tin. 
1.  Salpha-       1.  Sulphuret  of  tin  may  be  obtsdned  by  fusing  tin  with 
'^  sulphur,  reducing  the  resulting  mass  to  powder,  and  fusing 

it  again,  with  another  portion  of  sulphur;  taking  care  to 
keep  it  at  a  temperature  sufficiently  high  to  drive  off  the 
superabundant  sulphur, 
lu  proper-      2.  This  sulphuret  has  a  lead  colour,  and  the  metallic  lus- 
^^  tre.  When  acted  upon  by  hydrochloric  (muriatic)  acid,  it  is 

converted  into  oxide  of  tin  and  hydrosulphuric  acid  (sul- 
phuretted hydrogen.) 
3.  It  is  composed  of 

Tin  59 

Sulphur  16 

75 
8.  Bisui-         1 .  Bisulphuret  of  tin^  formerly  called  mosaic  gold  (aurum 
pharet.      mosaicum)  may  be  obtained  by  exposing  a  mixture  of  twelve 
parts  of  tin,  seven  parts  of  sulphur  and  three  parts  of  hy- 
drochlorate  of  ammonia  (sal  ammoniac)  to  a  strong  heat, 
for  eight  hours,  in  a  black  lead  crucible,  to  which  is  luted  a 
vessel  to  receive  the  sublimed  product.  This  sulphuret  will 
be  found  sublimed, 
lu  proper-      2.  Bisulphuret  of  tin,  when  pure,  consists  of  light  scales 
of  the  colour  of  gold.  When  heated  it  lets  go  part  of  its 
sulphur,  and  is  converted  into  the  simple  sulphuret.  It  is 
insoluble  in  water,  and  is  not  acted  upon  by  hydrochloric 
(muriatic)  or  nitric  acid. 
3.  It  is  composed  of 

Tin  59 

Sulphur  32 

91.— -So  that  it  is  pro- 
perly entitled  to  the  name  of  bisulphuret;  as  it  contains 
twice  as  much  sulphur,  as  the  simple  sulphuret. 


ties. 


COPPER.  ^g 

XI.  The  foUowing  are  the  only  alloys  of  tin  with  the  Ciif.  in. 
BBietals  already  described,  that  deserve  to  be  mentioned*       ^A^oyT^T 

1.  An  alloy  of  tin  and  antimony  constitutes  the  metallic  tin,  with 
plates  upon  which  music  is  engraved.  antimony; 

2«  Tin  and  iron  are  not  very  readily  combined,  so  as  to  with  iroiv 
form  an  alloy;  but  the  formation  of  tin  plates  affords  suffi* 
cient  proof  that  there  is  some  affinity  between  them*  Tin 
plate  is  made  by  dipping  into  melted  tin,  thin  plates  of  iron, 
made  thoroughly  clean,  first  by  rubbing  them  with  sand,  and 
afterwards  by  steeping  them  in  water  acidulated  by  bran  or 
sulphuric  acid.  The  tin  gives  a  coating  to  the  iron,  which 
it  renders  uniformly  white. 

3.  An  alloy  of  tin  and  zinc  constitutes  the  principal  part  with  un«i 
of  some  species  of  pewter. « 

4.  Tin  and  lead,  united  in  different  proportions,  consti-  and  with 
tute  plumber's  solder,  as  well  as  the  more  common  kinds  '^^- 
of  pewter.  Tin  foil  always  contains  a  portion  of  lead. 

XII.  Tin  has  many  uses.  The  covering  which  it  affords  Uies  of  tin. 
to  iron  and  copper  vessels,  makes  it  of  great  importance  to 
mankind. 

XIII.  Tin,  in  a  state  of  powder,  is  sometimes  used  in  Metfieai 
medicine.  In  large  doses,  it  is  considered  very  efficacious  ^^"^ 
for  expelling  the  tape  worm. 


SECTION  X. 

OF  COPPER. 

I.  Copper  may  be  obtained  pure  by  the  following  pro-  Cop^; 
cess:  Dissolve  the  copper  of  commerce  in  strong  hydrochlo-  ^^  obtai«- 
ric  (muriatic)  acid.  Immerse  into  the  solution  dius  formed,     ^^^"^ 
diluted  with  water,  a  polished  piece  of  iron.  The  copper 

is  precipitated  in  the  metallic  state.  The  precipitate,  after 
being  washed  and  dried,  is  pure  copper. 

II.  The  copper  of  commerce  may  be  obtained  from  its  How  ch- 
ores, by  first  pounding  and  washing  them;  and  afterwards,  f«n^  ^^^ 
if  they  contain  sulphur,  subjecting  them  to  the  operation  o(^^  i|^ 
roasting  for  sevend  successive  times.  They  are  then  to  be  way. 
melted  into  a  mass.  After  the  copper  is  obtained,  in  a  certain 
degree  of  purity,  by  these  processes,  it  is  fused  hastily  with 

three  times  its  weight  of  lead.  This  latter  metal  dissipates, 
or  separates  in  scoris,  the  sulphur,  arsenic,  iron,  and  other 
foreign  substances,  with  which  it  may  be  contaminated.  It 
is  afterwards  subjected  to  a  second  fusion,  by  which  other 
iaq>urities  are  made  to  rise  to  the  surface,  in  the  form  of 
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Its  proper- 
ties. 


3.  Perox- 
ide. 


Its  proper- 
ties. 


Copper 


BASDIABLA  eOMttUSTIBLES. 

flcoritt.  The  purity  of  the  metal  is  ihett  tested  by  die  Itn- 
mcrston  of  a  rod  of  iron  into  the  meked  mass:  the  iroor 
becomes  coated  with  copptn*,  the  qaaiity  of  which  may  be 
readily  ascertained  upon  examination* 

11 L  Copper  is  found  abundantly,  in  different  parts  of  the 
world,  in  the  states  of  sulphurets,  oxides  and  saks. 

IV.  Copper  has  a  fine  red  colour,  and  a  great  deal  of 
brilliancy.  It  possesses  a  nauseous  and  styptic  taste,  and  a 
disagreeable  smell  when  rubbed.  It  is  very  malleable,  aii4 
possesses  considerable  ductility.  Its  hardness  exceeds  that 
of  sthrer.  It  is  not  altered  under  water.  Its  fusing  point  is 
at  27^  of  Wedgewood;  and  when  exposed  to  a  greater  heat, 
it  evaporates  in  visible  fumes.  When  subjected  to  a  violent 
heat,  such  as  is  produced  by  the  combustion  of  a  mixture 
of  oxygen  and  hydrogen  gases,  it  takes  fire  and  burns  with 
great  brilliancy,  emitting  a  very  intense  green  light. 

V.  It  is  very  nearly  nine  tianes  as  heavy  as  water. 

VL  Copper  combines  in  two  proportions  with  oxygen, 
and  forms  protoxide  and  peroxide  of  copper.  Both  these 
oxides  enter  into  the  composition*  of  salts. 

1.  Protoxide  of  copper  may  be  obtained  by  putting  pieces 
of  rolled  copper  into  a  solution  of  copper  in  hydrochloric  (mu- 
riatic) acid,  contained  in  a  phial,  which  must  then  be  closely 
corked.  After  some  time,  the  cotourof  the  solution,  which  is 
at  first  green,  becomes  converted  into  a  dark  brown.  Add, 
to  the  liquid  as  it  now  stands,  a  solution  of  potash.  A  preci- 
piute  immediately  falls,  which  consists  of  protoxide  of 
copper. 

3.  This  oxide  is  red  when  native;  but  when  formed  arti- 
ficially, it  has  a  yellow  colour.  It  is  composed  of 

Copper  64 

Oxygen  d 

72 

1.  Peroxide  of  copper  may  be  formed  by  keeping  red  hot 
for  some  time,  in  an  open  vessel,  the  scales  which  form  on 
the  surface  of  copper,  when  exposed  to  a  red  heat.  By  being 
thus  treated^  the  scales  absorb  oxygen  and  are  converted 
into  the  peroxide  in  question. 

2.  This  oxide  is  a  tasteless-  black  powder,  soluble  iii 
acids.  It  is  composed  of 

Copper  64 

Oxygen  16 

80.--^  that  it  is  ob* 
vious  that  this  oxide  of  copper  contains  twice  as  much 
oxygen  as  the  protoxide. 

VII.  Copper  combines  in  two  proportions  with  chlorine. 


^ii£li^^  and  forms  protochloride  and  perchloride  of  copper. 


COPPBft.  ^j 

U  Protochhtide  of  copper  may  be  formed  by  heating  a  Ckaf.iil 
mixture  of  two  parts  of  perchloride  of  mercury  (corrosive  i.  Proto- 
Bubiimate)  and  one  part  of  copper.  The  chlorine  separates  •blonde, 
from  the  mercur>',  smd  combines  with  the  copper,  so  as  to 
form  this  chloride. 

ft.  This  chloride  has  an  amber  colour,  and  a  certain  de-ittprap«r- 
gree  of  transparency.  In  close  vessels  it  is  not  decomposed  ^'^ 
at  a  red  heat;  but  at  the  same  temperature  in  the  open  air, 
It  dissipatea  in  white  fumes.  It  is  composed  of 

Copper  64 

Chlorine  36 

100 
1*  Perchloride  of  copper  may  be  formed  by  evaporating  s.  rnvhio- 

Eerhydrochlorate  (green  muriate)  of  copper  to  dryness,  at  a  ride, 
eat  not  exceeding  400^.    The  hydrogen  of  the  acid,  and 
the  oxygen  of  the  oxide  of  copper  are  driven  off,  and  what 
remains  consists  of  this  chloride. 

2.  Perchloride  of  copp«r  has  a  brownish  yellow  colour,  itt  pnipeiv 
When  exposed  to  the  air,  it  absorbs  moisture,  and  becomes,  ^*^ 
first  white  and  then  of  a  green  colour.  Heat  drives  off  part 
of  its  chlorine,  and  convert^  it  into  the  protochloride.  It  is 
composed  of 

Copper  64 

Chlorine  72 

1j6.— -So  that  it  is  ob- 
vious that  this  chloride  of  copper  contains  twice  aa  much 
chlorine  as  the  protochloride. 

VIII.  Iodide  of  copper  may  be  formed  by  heating  its  iodide  U 
constituents  together.  It  has  been  but  very  slightly  examin-  ^vpo*. 
ed.  Ite  composition  is  not  known. 

IX.  Phosphuret  of  copper  may  be  formed  by  throwing  PhoiplMt. 
pieces  of  phosphorus  upon  red  hot  copper.  This  phosphuret  '^^ 

18  neither  ductile  nor  pulverizable.  It  is  harder  than  iron, 
and  much  more  fusible  than  copper.  When  exposed  to  the 
air,  it  loses  its  lustre,  and  fails  to  pieces;  the  copper  being 
oxidized,  and  the  phosphorus  converted  into  phosphoric  acid. 

X.  Sulphuret  of  copper  may  be  formed,  by  exposing,  in  Su^plivec 
a  glass  receiver,  a  mixture  of  eight  parts  of  copper  filings, 

and  three  parts  of  flowers  of  sulphur,  to  the  heat  of  burning 
coals.  The  mass  first  melts,  and  then  explodes  gendy;  after 
which,  when  the  combination  is  complete,  it  becomes  red 
hot.  It  is  a  brittle  substance,  of  a  deep  blue- grey  colour.  It 
is  much  more  fusible  than  copper.  It  is  composed  of 

Copper  64 

Sulphur  16 

80 

N 
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Book  T.       XI.  The  feUowing  alloys  of  copper,  with  metals  already 
Divirion  L  described,  deserve  to  be  mentioned. 

Alloys  of        1.  The  variety  of  iron,  which  is  brittle  when  red  hot,  and 
wiSilroii*   ^^^^  ^13  circumstance  called  hot  ekert^  is  supposed  to  de- 
rive its  peculiar  qualities  from  the  presence  of  copper. 
urH|i  viiM;       2.  The  alloy  of  copper  and  zinc  constitutes  different  kinds 
>nJ  of  brass.   It  is  formed,  by  the  manufacturer,  by  melting 

together,  granulated  copper,  the  native  ore  called  calamine, 
and  a  proportion  of  charcoal  powder.  The  fusion  must  be 
kept  up  for  five  or  six  hours.  By  this  mode  of  proceeding, 
the  zinc  of  the  calamine  becomes  deoxidized,  and  combines 
with  the  copper.  The  most  intimate  compound  of  these  me- 
tals is  in  the  proportion  of  64  parts  of  copper,  to  33  parts 
of  zinc. 

Brass  is  much  more  fusible  than  copper.  It  is  malleable 
when  cold,  if  not  containing  too  large  a  proportion  of  zinc; 
but  brittle  when  heated.  It  possesses  ductility,  and  may  be 
drawn  out  into  very  fine  wire. 

An  alloy  of  copper  and  zinc,  in  which  the  zinc  predomi- 
nates in  a  certain  degree,  constitutes  pinchbeck,  or  prince 
Rupert's  metal, 
with  tin.         3.  The  alloy  of  copper  and  tin,  united  in  different  pro- 
portions, constitutes  the  metals  of  which  bells,  bronze,  can- 
nons and  the  mirrors  of  telescopes  are  made.  The  tin  in 
these  alloys  diminishes  the  ductility  of  the  copper,  but  in- 
creases its  hardness,  fusibility  and  sonorousness.  Bronze 
and  the  metal  of  which  cannons  are  made,  are  composed 
of  from  eight  to  twelve  parts  of  tin,  combined  with  one 
hundred  parts  of  copper*  Bell  metal  contains  about  one-fourth 
of  its  weight  of  tin.  The  alloy  for  the  mirrora  of  telescopes 
is  composed  of  two  parts  of  copper  united  to  one  part  of 
tin* 
ProMst  of      4.  In  consequence  of  the  ease,  with  which  copper  nuiy 
tinning  cop-  ]^  alloyed  with  tin;  the  former  may  be,  very  readily,  cover- 
id,  ed  With  a  coating  of  the  latter.  A  coaling  of  tin  is  very  fre- 

quently given  to  copper  vesssls,  intended  for  use  in  cooking, 
to  guard  against  the  bad  effects  of  the  copper.  The  process 
of  tinning  copper  is  conducted  in  the  following  manner.  The 
vessel  to  be  tinned  has  its  interior  surface  scraped  very  clean 
with  an  iron  instrument,  and  then  rubbed  with  hydrochlo- 
rate  of  ammonia  (sal  ammcmiac).  It  is  then  heated,  and  a 
little  pitch  thrown  into  it,  which  is  allowed  to  spread. 
While  in  this  state  of  preparation,  the  tin  is  rubbed  over 
the  whole  surface,  which  immediately  assumes  a  silvery 
white  colour.  The  previous  steps  in  the  process  are  neces- 
sary to  render  the  copper  perfectly  clean;  for  the  tin  will 
not  adhere,  if  the  surface  of  the  copper  be  in  the  least  de- 
gree tarnished. 


BISMUTH. 


99^ 


Mott  genenyy  it  is  not  tin,  but  an  alloy  of  tin  and  lead,  CiAr.  m. 
irhich  ia  used  to  give  this  coating  to  copper  vessels.  It  was 
supposed  probaUe,  therefore,  that  the  latter  metal  might  be 
dissolved,  when  such  vessels  were  used  for  preparing  food, 
more  particulariy  acid  food.  Experiments  have  been  made 
to  ascertain  this  point;  and  it  appears  that  the  presence  of 
die  tin  prevents  altogether  any  solution  of  the  lead.  Ac- 
cordingly copper  vessels,  tinned  with  this  alloy,  may  be  em- 
ployed for  the  preparation  of  food  without  hazard. 

XII.  Metallic  copper  is  not  employed  in  medicine.  But  MetaiHe 
in  different  states  of  combination,  it  furnishes  the  physi-  ^^^l*  ^\ 
dan  with  several  valuable  preparations.  These  will  be  no-  dicioe. 
ticed  hereafter  under  distinct  heads. 


SECTION   XL 

OP  BISMUTH. 

I.  Bismuth  may  be  obtained  by  the  following  process:  Bismuth; 
Dissolve  the  bismuth  of  commerce  in  strong  nitric  acid,  ^^  obiMn- 
and  precipitate  the  solution  by  adding  water.  Wash  the     ^'^^' 
precipitate,  which  consists  of  oxide  of  bismuth;  and  after 

being  dried,  expose  it  for  twenty  minutes  to  a  dull  red  heat, 
mixed  with  black  flux.  The  precipitate  becomes  deoxidized, 
and  a  button  of  pure  bismuth  is  obtained. 

II.  Bismuth  is  usually  obtained  from  its  ores,  by  fusion  How  ob« 
with  one-eighth  of  their  weight  of  white  flux.  The  sulphur  -Jl"^^"^ 
and  oxygen,  which  may  be  present,  are  separated,  and  the 

pure  bismuth  remains  behind. 

III.  Bismuth  has  been  found  in  Sweden,  France  and  Eng-  Whera 
land;  but  it  occurs  in  by  far  greater  abundance  in  Saxony  found. 
tlian  in  any  other  country.  It  exists  usually  in  the  state  of 
sulphuret  or  of  oxide. 

IV.  Bismuth  has  a  white  colour  with  a  tint  of  red.  It  u  Pnipcrtwi 
tasteless  and  inodorous.  In  texture,  it  is  composed  of  bril-  «t  biimuth. 
liant  plates,  adhering  to  each  other.  When  exposed  to  the 

air,  it  suffers  a  slight  tarnish,  but  remains  unadtered  under 
water.  It  is  neither  malleable  norductile.  In  hardness  it  is 
inferior  to  copper.  Its  fusing  point  is  at  the  temperature  of 
476^;  and  if  the  heat  be  increased  beyond  this  degree  in 
dose  vessels,  the  metal  may  be  disttUed  over. 

V.  It  is  somewhat  less  than  ten  times  as  heavy  as  water,  spee.  gnr. 

VI.  Bismuth  combines  with  oxygen  in  one  proportion    ^ ^^^^ 
only,  and  forms  oxide  of  bismuth.  foriM  bat 

1.  This  oxide  may  be  formed  by  keeping  bismuth  in  a  one  oxide; 
state  of  fusion,  exposed  to  the  open  air.  A  pellicle  forms  On 
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Book  I.  the  suifacc  of  the  metal,  which  is  quickly  succeeded  by  an-^ 
Dimion  I.  other,  as  soon  as  the  first  is  removed.  By  continuiog  the  fu- 
sion, the  whole  metal  may  at  last  be  converted  into  these 
pellicles.  They  are  then  to  be  heated,  with  agitation,  for 
some  time  in  an  open  vessel;  by  which  treatment  they  absorb 
oxygen  and  are  converted  into  the  oxide  in  question.  Oxide 
of  bismuth  may  be  formed  also  by  combustion.  When 
bismuth  is  exposed  to  a  strong  red  heat,  it  catches  fire,  and 
bums  with  a  faint  blue  flame;  the  product  being  this  oxide. 
2.  Oxide  of  bismuth  is  a  usteless  insoluble  yellow  pow* 
der.  It  is  composed  of 

Bismuth  71 

Oxide  8 

79 
ami  W  one     VII.  Bismuth  combines  in  one  proportion  with  chlorine, 
chloride.     ^^^  forms  chloride  of  bismuth. 

1.  Chloride  of  bismuth,  formerly  called  butter  of  bis- 
muth, may  be  obtained  by  keeping  in  a  state  of  fusion  for 
several  hours,  a  mixture  of  perchloride  of  mercury  (corro- 
sive sublimate)  and  bismuth.  The  chlorine  is  transferred 
from  the  mercury  to  the  bismuth,  with  which  it  forms  the 
chloride  in  question.  The  mercury,  in  the  metallic  state, 
sinks  to  the  bottom  of  the  vesseh 

2.  This  chloride  is  opaque,  of  a  greyish  yellow  colour, 
and  granulated  texture.  In  close  vessels  it  does  not  sublime, 
even  at  a  red  heat.  It  is  composed  of 

Bismuth  71 

Chlorine  36 

107 
Iodide  of         VIII.  Iodide  of  bismuth  may  be  formed  by  heating  its 
'»^^»***»'     constituents  together.    When  thus  formed,   it  is  an  in- 
soluble substance,  of  an  orange  yellow  colour.   It  has  not 
been  analyzed. 
SuiphiiKt       IX*  Sulphuret  of  bismuth  may  be  formed  by  fusing 
together  its  constituents.  It  is  a  very  brittle  and  fusible 
substance,  of  a  bluish  grey  colour.  It  is  composed  of 

Bismuth  71 

Sulphur  16 
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SECTION  XII. 

OP  MERCURY. 

Common  name,  Qfdckailver. 

Mereuiy;        L  MsRCiTRT  may  be  obtained  pure,  by  exposing,  to  an 
ed*  ore"**'  obscure  red  heat,  a  mixture  of  two  parts  of  native  sulphuret 
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of  mercury  (cisnibar)  and  one  part  of  iron,  coatuncd  in  a  C«a>,  iil 
stoneware   retort,  furnished   with  a  receiver  &lled   with 
water.  The  sulphur  combines  with  the  iron,  and  the  mercury 
appears  in  the  metallic  state. 

IL  Mercury,  either  native  or  mineralized,  has  beenWher* 
found  in  Spain,  Germany,  and  Hungary;  in  China  and  in  ^'^' 
Peru.  The  most  productive  mines  are  those  of  Idria,  and 
of  Almaden,  near  Cordova,  in  Spain.  It  occurs,  forming  an 
amalgam  with  silver;  as  a  sulphuret  (cinnabar),  and  as  a 
chloride  (horn  mercury). 

III.  Mercury  has  a  white  colour,  resembling  that  of  Properties 
silver,  and  possesses  considerable  brilliancy.  It  is  liquid  ^'°*"^'7- 
at  the  common  temperature  of  the  atmosphere;  in  which 
respect  it  differs  from  all  other  metsds.  It  solidifies  at  the 
temperature  of  39^  below  zero,  of-  Fahrenheit's  scale,  and. 
becomes  much  heavier.  Its  boiling  point  is  at  the  tempera- 
ture of  656^:  accordingly  it  may  be  subjected  to  distillation, 
whereby  it  may  be  freed  from  admixture  of  contaminating 
metab.  It  is  not  altered  by  being  kept  under  water,  and 
suffers  a  slight  tarnish  only  by  exposure  to  the  air. 

IV.  It  is  somewhat  more  than  thirteen  and  a  half  times  Spce.  «»▼. 
as  heavy  as  water.  13  sis, 

V.  Mercury  combines  in  two  proportions  with  oxygen,  Meroory 
and  forms  protoxide  apd  peroxide  of  mercury.  ^™*  ^"^ 

PROTOXIDE  OF  MERCURY.  .  ^    . 

ForiDeriy  called,  Ethi^pt  per  m.  Ucw 

!•  This  oxide  may  be  formed  by  digesting  protochloride  How  pr«- 
of  mercury  (calomel)  in  a  solution  of  potash.  A  powder  is  V^^- 
thereby  formed,  which  consists  of  the  oxide  in  question.  It 
may  be  formed  also  by  subjecting  mercury,  contained  in 
a  phial,  to  constant  agitation.  It  was  obtained  in  this  way  by 
the  earlier  chemists;  and,  from  the  manner  of  the  process, 
was  called  ethiopa  per  se* 

2.  Protoxide  of  mercury  is  an  insoluble  powder  of  a 
black  colour  and  coppery  taste.  It  is  destitute  of  metallic 
lustre.  It  is  composed  of 

Mercury  200 

Oxygen  8 

208 

3.  Mercury  becomes  slowly  converted  into  protoxide  by  Fomed 
contact  with  the  atmosphere.  When  minutely  divided,  by  Jj^^^' 
mechanical  means,  this  conversion  takes  place  much  sooner;  with  eer- 
in  consequence  of  the  great  increase  of  surface  exposed  to  Jjji"^*^" 
the  influence  of  the  air.  Accordingly,  whenever  this  metal 
is  triturated  with  powders  or  viscid  substances,  it  is  con- 
verted into  protoxide,  which  combines  with  the  substance 
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B«oK  I.    employed*  B7  taking  advantage  of  this  circumstaiioe,  several 
Pi^**^^  important  preparations  of  mercury  are  made.   When  the 
s«Te»i      m^tal  is  triturated  with  carbonate  of  lime  (chalk),  until  its. 
pmara^    metallic  nature    disappear  it  forms  a '  preparation  of  the 
tioni  that    London  college,  under  the  name  of  ftucisiher  with  chalk. 
obtained,     {q  y^jy  nearly  the  same  manner,  the  officinal  preparation  of 
the  Dublin  college,  called  qvickaiher  with  magnesia^  is 
prepared.   When  triturated  with  conserve  of  roses,  and 
afterwards  mixed  with  some  powder,  such  as  of  liquorice 
or  of  starch,  to  give  the  mass  a  proper  consistence,  it  con* 
stitutes  the  preparation  of  which  the  officinal  mercurial  pills 
are  formed.  Mercurial  ointment,  the  most  common  prepa- 
ration of  mercury  for  external  use,  consists  of  this  oxide, 
formed,  and  combined,  by  trituration  with  lard. 

%  Peroxide.  PEROXIDE  OP  MERCURY. 

Common  name»  Red  PrecipiUUe  ofMsrcwnf* 

Howob-         1.  This  oxide  may  be  obtained  by  dissolving  mercury  in 
tained.       nitric  acid,  evaporating  the  solution  to  dryness,  and  exposing 
the  dry  mass  to  a  heat  gradually  increased,  until  it  become 
converted  into  very  red  scales.  These  scales  consist  of  the 
oxide  in  question. 
Prepan-        2.  The  Edinburgh  college  directs,  for  the  preparation  of 
bnodic^  this  oxide,  four  parts  of  purified  mercury  to  be  dissolved  in 
three  parts  of  diluted  nitrous  acid.  The  solution  thus  form- 
ed is  to  be  evaporated  to  dryness,  and  the  mass  obtained 
ground  to  powder.  This  powder  is  to  be  exposed,  in  a  sand 
bath,  to  a  gradually  increased  heat;  until  the  whole  is  con- 
verted into  very  red  scales.   In  both  these  processes  the 
metal  is  peroxidized  at  the  expense  of  the  acid,  which  is 
partially  decomposed. 
Another         3,  This  oxide  may  be  prepared  also  by  exposing  mercury, 
^^^'^     contained  in  a  glass  vessel,  with  a  large  boUom  and  a  narrow 
mouth,  to  a  greater  heat  than  656"*,  or  the  boiling  point  of 
mercury.   The  metal  is  converted  into  vapour,  and,  in  that 
state,  is  oxidized  by  the  atmospheric  air,  and  condensed.  By 
a  continuance  of  the  heat,  for  several  months,  the  mercury 
is  ultimately  converted  into  a  red  powder,  which  consisU  of 
the  oxide  in  question.  When  the  peroxide  is  prepared  in 
this  manner,  it  is  called  calcined  quicksilver  by  the  London 
and  Dublin  colleges.  It  possesses,  however,  no  superiority 
over  that  obtained  by  the  action  of  nitric  acid,  when  care- 
fully prepared.  The  peroxide  obtained  by  the  method  of  the 
Edinburgh  college  is  called  the  red  oxide  of  quicksilver  by 
nitric  acid. 
Peroude        4.  Peroxide  of  mercury,  or  red  precipitate,  has  a  bright 
detoribed.  scarlet  colour,  and  an  acrid  and  disagreeable  taste.  It  is 
somewhat  soluble  in  water. 
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5*  It  M  ccMBposedi  of  Orav.  in. 

Mercury  200  " ^ 

Oxygen  16 

316-x^-so  that  it  appears, 
that  this  oxide  contains  twice  as  much  oxygen  as  the 
protoxide. 

6.  Peroxide  of  mercury  is  a  ver>'  useful  preparation  in  Iti  medial 
medicine.    It  operates  as  a  poison   in  the  stomach,   and*^'* 
possesses  the  properties  of  an  active  caustic  when  applied 
to  the  skin.  When  mixed  with  a  mild  ointment,  it  forms 
one  of  the  best  applications  for  indolent  and  other  ill-con- 
ditioned ulcers. 

VI.  Mercury  combines  in  two  proportions  with  chlorine,  Mereaiy 
and  forms  protochloride  and  perchloride  of  mercury.  Si^rid^^ 

PROTOCHLOHJPE  OF  MERCURY.  1.  Proto- 

Usual  ehemietl  tuunet,  Jk^  MuricUe  qf  Mercury    Sub-Mtriate  ^f  Mercunf,  eliloride,  or 

CommoD  name,  CcUomeU  oalomeL 

1.  Protochloride  of  mercury  or  calomel  may  be  prepared  How  6b- 
by  the  following  process:  Dissolve  in  boiling  nitric  acid  as  ^°^' 
much  mercur}'  as  this  solvent  can  take  up*  Make  a  solution 

of  chloride  of  sodium  (common  salt),  containing  half  as 
much  of  this  chloride,  as  the  nitric  solution  does  of  mercury. 
Into  the  solution  thus  formed,  pour  cautiously  the  boiling 
nitric  solution  of  the  mercury.  This  addition  causes  a  white 
precipitate  to  fall,  which  must  be  washed  until  tha  water 
employed  comes  off  tasteless,  and  then  dried  on  a  filter. 
This  precipitate  consists  of  the  chloride  under  considera- 
tion. It  is  formed  in  this  process  in  consequence  of  a  double 
decomposition.  No  sooner  is  the  nitric  solution  of  the  mer- 
cury added  to  the  solution  of  the  chloride  of  sodium,  than 
the  mercury,  being  previously  deoxidized,  falls  in  combina- 
tion widi  the  chlorine  of  the  chloride,  in  such  a  proportion 
as  to  constitute  the  protochloride  of  mercury.  The  sodium  ' 
of  the  common  salt  becomes  oxidized,  and  combines  with 
the  nitric  acid;  so  that,  after  the  precipitated  chloride  is  re- 
moved, the  remaining  liquid  is  a  solution  of  nitrate  of  soda. 

2.  The  Edinburgh  college  directs  the  following  process  PnsiMri- 
for  preparing  this  chloride:  Rub  together  in  a  glass  mortar,  ^^^®'™** 
with  a  little  water,  four  parts  of  pulverized  perchloride  of  * 
mercury   (corrosive  sublimate)   and   three  parts  of  pure 
mercury,  until  all  the  metal  is  extinguished.  Sublime  the 
powder  thus  formed,  after  being  dried,  in  an  oblong  phial 

only  one-third  filled,  by  the  heat  of  warm  sand.  When  the 
sublimation  is  finished,  break  the  phial,  and  separate  the 
red  matter  found  near  its  bottom,  and  the  white  matter 
near  its  neck.  Sublime  the  remainder  a  second  time,  grind 
it  into  a  very  fine  powder,  and  wash  it  with  boiling  distilled 
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Book  l   wftter.  It  is  now  pure  protocUoride  of  mercurjr  or  calo- 

Thitiait  ^*  '^  ^^  above  process  of  the  Edinburgh  college^  the  tri- 
prtjoeaa  ex-turation  of  the  perchloridc  of  mercury  (corrosive  sublimate) 
piaiii«d.  ^itjj  pure  mercury ,  has  the  effect  of  decomposing  the  form* 
er,  and  enabling  its  chlorine  to  combine  with  the  metallic  mer* 
cury,  as  an  additional  quantity.  What,  therefore,  was  at  first 
a  perchloride  becomes,  in  this  way,  converted  into  a  proto- 
chloride*  This  conversion,  however,  is  not  entirely  complete; 
and  hence  the  necessity  of  sublimation.  But  even  after  this 
measure  is  taken,  there  still  exists,  in  the  upper  and  lower 
parts  of  the  vessel,  in  which  the  sublimation  is  performed, 
portions  of  perchloride  not  completely  converted  into  the 
protochloride*  These,  therefore,  are  directed  by  the  Edin- 
burgh college,  to  be  separated  from  the  middle  portion, 
which  is  again  sublimed  as  a  measure  of  farther  precaution* 
The  other  colleges,  however,  triturate  in  a  mortar,  the  entire 
product  of  the  first  sublimation,  so  as  to  mix  its  several  parts; 
and  sublime  it  again,  the  Dublin  college  once,  and  theLon* 
don  college  four  times*  The  mode  of  proceeding  of  these 
colleges  must  be  considered  as  equally  good,  in  result,  with 
that  pursued  by  the  Edinburgh  college;  and  it  has  the  ad- 
vantage of  economizing  the  ingredients*  It  is  very  proba- 
ble that  one  sublimation,  as  pursued  by  the  Dublin  college, 
may  be  sufficient*  At  any  rate,  no  unpleasant  consequences 
would  arise  from  the  use  of  calomel,  prepared  in  this  way, 
if  it  be  carefully  washed;  since,  in  this  process,  all  adher- 
ing perchloride  (corrosive  sublimate),  from  its  greater  solu* 
bility,  would  be  abstracted. 
Propertiei       4*  Protochloride  of  mercury,  or  calomel,  is  an  insoluble 

fiMUondfi!  P^^^*^^  of  ^  dull  white  colour,  and  possessing  very  little 
taste.  It  is  somewhat  more  than  seven  times  as  heavy  as 
water*  When  acted  upon  by  chlorine  gas,  it  is  converted 
into  perchloride  of  mercury  (corrosive  sublimate*) 
5*  It  is  composed  of 

Mercury       200 
Chlorine  36 
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ThbeMo-       5.  It  would  require  volumes  to  recount  the  many  valua- 
imporunt^  ble  applications  of  this  chloride*  It  is  suited  to  almost  every 
nedieine.    case,  in  which  the  internal  employment  of  mercury  is  indi- 
cated*   It  acts  as  a  gende  purgative  in  most  cases;  but  its 
most  remarkable  property  is  that  of  stimulating  the  secre- 
tory organs,  more  particularly  the  liver*  It  is  the  prepara- 
tion of  mercury  most  usually  given  to  produce  a  salivation* 
In  the  venereal  disease,  except  in  peculiar  cases,  no  form  of 
mercury  can  be  substituted  for  it  with  advantage* 
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roaiTCMibli 

1.  This  chloride  may  be  obtained  by  dissolving  peroxide  iDate;hov 
of  mercury  in  hydrochloric  (muriatic)  acid.  The  hydrogen  **^"*^ 
of  the  acid,  and  the  oxygen  of  the  oxide  combine  and  form 
water;  while  the  chlorine  of  the  former,  and  the  mercury  of 

the  latter  unite  to  form  the  chloride. 

2.  The  British  colleges,  for  the  formation  of  this  chlo-  Prepan- 
Tide,  direct  the  following  process:  Take  of  purified  mercu-  SSdusT* 
ry,  four  parts;  sulphuric  acid,  five  parts,  and  dried  chloride 

of  sodium  (common  salt)  eight  parts.  Boil  the  mercury  in 
tile  sulphuric  acid,  contained  in  a  glass  vessel,  until  the  mass 
become  dry;  and  then  mix  it,  when  cold,  with  the  chloride 
of  sodium.  Sublime  the  mixture,  in  a  glass  vessel,  with  a 
heat  gradually  increased*  The  sublimed  product  is  perchlo- 
lide  of  mercury. 

3.  In  the  process  just  given,  the  mercury,  by  being  boiled  Lui  pr^ 
with  the  sulphuric  acid,  becomes  oxidized  at  the  expense  ^^^^ 
of  part  of  the  acid;  while,  with  the  remainder,  it  forms  the 
compound  called  sub- sulphate  of  mercury.  When  the  sub* 
sulphate  is  sublimed  in  a  state  of  mixture  with  dry  chloride 

of  sodium  (conimon  salt),  a  double  decomposition  takes 
place;  the  chlorine  of  the  chloride  combines  with  the  mer- 
cury of  the  sub-sulphate,  and  this  compound  sublimes; 
while  the  sulphuric  acid  unites  with  the  sodium^  previously 
converted  to  the  state  of  soda,  by  the  oxygen,  which  had 
been  displaced  from  combination  with  the  mercury.  The 
residue  of  the  sublimation  is,  therefore,  a  sulphate  of  soda 
(glauber  salt.) 

4.  Perchloride  of  mercury,  or  corrosive  sublimate,  when  'tt  proper- 
obtained  by  sublimation,  is  a  beautiful  white  semi-transpa-  ^^ 
rent  substance*  It  has  an  excessively  acrid  and  caustic  taste; 

and  leaves,  for  a  long  time,  a  disagreeable,  metallic,  styptic 
impression  in  the  mouth*  It  is  soluble  in  about  twenty 
times  its  u  eight  of  cold  water,  and  in  twice  its  weight  of 
boiling  water.  It  is  soluble  in  sulphuric,  nitric  or  hydrochlo^ 
ric  (muriatic)  acid;  and  may  be  obtained,  from  solution  in 
either,  by  evaporation  unaltered.  It  is  decomposed  by  so- 
lutions of  potash  or  of  soda,  which  throw  down  the  mer- 
cury in  the  state  of  peroxide,  of  a  yellow  colour,  becoming 
afterwards  brick-red. 

5.  When  ammonia  is  added  to  a  solution  of  perchloride  Formi » 
of  mercur}'  ^corrosive  sublimate),  a  white  precipitate  falls,  JJ^Jif ^!* 
consisting  ot  the  perchloride^  combined  with  a  small  pro**  mooni. 
portion  of  ammonia.    This  compound  is  usually  called  by 
chemists,  a  suboxymuriatc  of  mercury-and'amrnQnia;  it  is 
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Bpoic  I.  the  white  calx  ofquickaiher  of  thp  London  college,  and  is 
JittiwbiU,  employed  medicinally  only  in  the  form  of  ointment*    If 
named  in  conformity  widi  the  improved  nomenclature,  it 
ought,  perhaps,  to  be  called  the  ammpniated  perchloride  of 
mercury. 

6.  Perchloride  of  mercury  is  composed  of 

Mercury        200 
Chlorine  72 

272. — ^So  that  it  is  evi- 
,     dent  that  this  chloride  contains  twice  as  much  chlorine  as 
the  protochloride. 
lu  niedicni      7.  Perchloride  of  mercury  or  corrosive  sublimate  is  so 
uses.  ycry  active  a  substance,  as  to  be  properly  classed  among* 

poisons*  Nevertheless  it  may  be  employed  internally,  in 
small  doses,  for  the  cure  of  diseases.  It  has  been  given  for 
the  cure  of  the  venereal  disease;  but  it  does  not  deserve  the 
same  confidence  as  the  protochloride  (calomel);  neither  is: 
it  so  innocent  or  manageable.  As  an  external  application, 
it  is  useful  in  solution,  to  destroy  fungous  flesh,  to  cleanse 
ulcers  and  to  cure  herpetic  eruptions;  but  the  strengtii  of 
the  solution  must  be  carefully  attended  to.  A  large  portionr 
of  ulcerated  surface  cannot  be  washed  with  it  without  dan- 
ger. The  solution  is  very  useful  also  in  ulcerations  of  the 
throat,  and  in  promoting  the  desquamation  of  eruptions. 
Poisoning  8.  When  this  chloride  is  taken,  whether  by  accident  or 
by  this  chio- design  Jq  ^qq  larffc  quantities,  it  occasions  very  dreadful 

ride  des-  "'  t°  i_»         i.^j  r— • 

cribed.  consequences.  It  causes  a  bummg  heat  and  sense  or  stric-* 
ture  in  the  throat;  excruciating  pain  in  the  stomach;  nausea 
and  vomiting,  attended  by  violent  efforts**  It  has  been  as- 
certained by  late  experiments,  that  the  most  effectual  anti- 
dote to  this  poison  is  albumen  or  white  of  the  egg*  This 
latter  substance,  given  in  large  quantities,  beat  up  with  wa» 
ter,  combines  with  the  poison,  with  the  effect  of  rendering 
it  nearly  inert*t 

Meroury        VII.  Mercury  combines  in  two  proportions  with  iodine, 
forms  two  The  protiodide  has  a  yellow  colour,  and  the  periodide,  a 
iodides.      beautiful  red.  They  are  both  soluble  in  water. 
Phospharet     VIII.  Phosphuret  of  mercury  may  be  formed  by  distil- 
of  merour7.  ling  a  mixture  of  peroxide  of  mercury  with  phosphorus. 
The  oxide  parts  with  its  oxygen,  which  acidifies  a  portion 
of  the  phosphorus;  and  after  being  thus  reduced  to  uie  me- 
tallic state,  combines  with  the  remainder  of  this  combusti- 
ble, to  form  the  phosphuret  in  question.    It  has  a  black 
colour  and  a  pretty  solid  consistence.  When  exposed  to  the 
air  it  exhales  vapours  of  phosphorus. 

*  See  Nanerede*!  editioa  of  OrfUa  <m  Poisons,  p.  8Q.    f  Ibid.  p.  39,  et  seq. 
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IX.  Mercury  combines  in  two  proportions  with  sulphur,  ChiAy.  in. 
and  forms  sulphurec  and  bisulphuret  of  mercury.  Mercury 

forrat  two 
SULPHUH£T  OF  MERCURY.  sulphureti. 

ComiDOo  n«niey  Eiiiop*  MmermL 

1.  This  sutphuret  may  be  formed  by  adding  mercury,  i.  Saipim- 
•  slowly,  to  iu  own  weight  of  melted  sulphur;  stirring  at  the  I^e.,^^ 
same  time  the  mixture  constantly,  until  the  union  be  com- 
plete. It  may  be  formed  also  by  passing  a  current  of  hydro* 
sulphuric  acid  (sulphuretted  hydrogen)  through  a  solution 

of  mercury  in  an  acid*  The  precipitate  which  will  appear  is 
the  sulphuret  in  question. 

2.  Sulphuret  of  mercury  is  a  black  powder,  which  re-  Describe^!. 
mains  uiudtered  in  the  air.  When  exposed  to  heat,  it 'emits 
sulphureous  fumes.  It  is  iKsoluble  in  nitric  acid,  but  dis- 
solves in  a  solution  of  potash;  from  which  it  may  be  preci- 
pitated unchanged  by  acids.  It  is  composed  of 

Mercury       SOO 
Sulphur  16 

216 

3.  This  sulphuret  has  been  used  in  medicine,  as  an  alter-  in  medieai 
ative,  in  glandular  and  cutaneous  diseases.    But,  without*"^' 
doubt,  no  eiTects  can  be  expected  from  its  use,  which  are 

not  more  certainly  produced  by  other  preparations  of  mer- 
cury. 

BI8ULPBURET  OF  MERCURY. 
ComSMm  iiaa«%  GMuuito*.— F<srmifi«n. 

1.  Bisulphuret  of  mercury  may  be  obtained  by  subliming  ^  bm- 
the  simple  sulphuret  at  a  red  heat*   The  sublimed  product  P^^^^* 
constitutes  this  sulphuret. 

2.  It  is  a  tasteless  insoluble  substance  of  a  fine  scarlet  Properties. 
colour.  It  is  not  altered  by  exposure  to  air.    When  heated 

it  takes  fire  and  bums  with  a  blue  flame.  When  in  the 
form  of  a  very  fine  powder,  it  is  known  in  commerce  by  the 
name  6f  vermilion.  It  is  composed  of 

Mercury       SOO 

Sulphur  32 

232. — Accordingly  it  con- 
tains twice  as  much  sulphur  as  the  simple  sulphuret. 

S*  Bisulphuret  of  mercury  was  formerly  niuch  more  em-  Uted  in 
ployed  in  medicine  than  at  present.  It  is  sometimes  used  in  ™^i^n<^' 
fumigations  for  venereal  ulcers  of  the  nose  and  throat;  and 
most  usually  produces  a  very  prompt  ptyalism. 

X.  Mercury  combines  with  most  of  the  metals.  These  Amalgam 
combinations  are  called  amalgams.  Only  two  of  them  will  be 
mentioned. 


IQg  BASIFIABLE  COMBUSTIBLES. 

Book  l        1*  The  amalgam  of  zinc,  composed  of  two  parts  of  zinc, 

DiTwion  f   gmd  gve  parts  of  mercury,  is  found  useful  for  promoting  the 

of  uDo:       excitement  of  electrical  machines* 

of  tin.  2*  The  amalgam  of  tin  is  used  for  silvering  the  backs  of 

looking  glasses.  The  process  is  as  follows:  tin  foil  is  spread 
upon  a  marble  table,  and  mercury  poured  upon  it,  and  in- 
corporated with  a  brush.  The  plate  of  glass,  to  be  silvered, 
is  then  slid  over  the  amalgam,  so  as  tc/ prevent  the  presence 
of  air  between  it  and  the  metal;  and  pressed  down  by 
weights.  The  superfluous  mercury  is  thereby  pressed  out 
from  under  the  plate;  and  by  continuing  the  pressure  for  a 
certain  length  of  time,  a  thin  layer  of  the  tin  amalgam  ad- 
heres to  the  surface  of  the  glass. 

Mereniy,  ,  XI.  From  what  has  already  been  said  of  some  of  its  com- 
^^j^ljjg^  pounds,  it  is  very  evident  that  mercury  constitutes  one  of 
da  mediea.  the  most  important  articles  of  the  materia  medica.  In  the 

progress  of  the  work,  however,  several  other  important 

preparations  of  this  metal  will  be  noticed. 


SECTION  XIII. 

OF   SILVER. 

Sflven  bow     I.  Silver  may  be  obuined  pure  by  the  following  pro- 
obtMiaed     j^ess:  Dissolve  the  silver  of  commerce  in  nitric  acid,  and 
^"^^         ^recipiute  the  solution  by  chloride  of  sodium  (common 
salt).  Ignite  the  precipitate,  after  being  washed  and  dried, 
with  three  times  its  weight  of  carbonate  of  potash  (salt  of 
tartar),  mixed  with  a  littie  charcoal  powder.    A  button  of 
pure  silver  will  be  obtained. 
Howfoiuid.     II.  This  metal  is  found  in  the  state  of  alloy,  with  gold, 
antimony,  arsenic  and  bismuth;  as  a  sulphuret;  in  the  form 
of  oxide,  called  red  silver  ore;  in  the  form  of  a  chloride 
(horn  silver);  and  combined  with  carbonic  acid.    It  occurs 
in  Bohemia,  Norway  and  Transylvania.  But  by  far  the  most 
productive  mines  of  silver  are  those  of  South  America. 
Howez«         III.  The  most  usual  method  of  extracting  silver  is  the 
U'Mcted       following:  The  ore  is  first  pounded,  then  roasted  and  wash* 
w^ '        cd,  and  afterwards  triturated  with  mercury  under  water. 
An  amalgam  of  silver  becomes  in  this  way  formed,  which 
is  washed  and  strained  through  leather.  It  is  then  subjected 
to  distillation;   whereby  the  mercury  is  driven  off  and  the 
silver  left  pure. 
Fropertict       IV.  Silver  has  a  white  colour  with  a  tint  of  yellow.  It 
oftiiTar.     has  no  taste  or  smell.  It  possesses  a  good  deal  of  brilliancy* 
Its  hardness  is  intermediate  between  £atof  copper  and  goldc 
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It  is  remarkably  malleable  and  ductile*  In  the  air  it  suffers  CmJl.UL 
a  umish,  which  is  ascertained  to  be  produced  by  sulphur.  " 

Its  melting  point  is  at  22®  of  Wedgewood.  When  subjected 
to  the  heat  produced  by  the  combustion  of  a  stream  of  oxygen 
and  hydrogen  gases^  it  bums  rapidly  with  alight  blue  flame. 

V.  Silver  is  about  ten  and  a  half  times  as  heavy  as  water.  Spee.  mv. 

VI.  Silver  combines  with  oxygen  in  one  proportion  onlyigji^*'** 
and  forms  oxide  of  silver.  forns  bat 

1.  It  may  be  obtained  by  dissolving  silver  in  nitric  acid,  **•  ®"^^ 
and  precipitating  the  solution  by  lime  water.  The  precipi- 
tate obtained  consists  of  this  oxide. 

2.  Oxide  of  silver  is  a  tasteless  insoluble  powder  of  a 
dark  olive  brown  colour.  It  dissolves  readily  in  nitric  acid. 
When  heated  to  redness,  it  is  deoxidized  and  reduced  to 
the  metallic  state.  It  is  composed  of 

'Silver  110 

Uxygen  8 
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VII.  Silver  combines  with  chlorine  and  forms  chloride  Md  but oie 
of  silver.  •^'^•• 

1.  Chloride  of  silver  (muriate  of  silver),  formerly  called 
horn  siher^  may  be  obtained  by  dissolving  silver  in  nitric 
acid,  and  adding  the  solution  thus  formed  to  a  solution  of 
chloride  of  sodium  (common  salt).  A  precipitate  appears 
which  consists  of  this  chloride.  After  it  is  separated,  what 
remains  is  a  solution  of  nitrate  of  soda. 

2.  Chloride  of  silver  is  a  white  substance,  very  insoluble  Properties 
in  wattr.  When  exposed  lo  the  air,  it  acquires  a  purple  co-  ^J*  ^^^ 
lour.  At  a  heat  of  500^  it  melts;  and  upon  cooling,  assumes 

the  form  of  a  grey  semi-transparent  mass,  having  some  re- 
semblance to  horn.   It  is  soluble  in  ammonia  and  in  hydro- 
chloric (muriatic)  acid.    Both  potash  and  soda  in  the  state 
4>f  carbonates  produce  its  decomposition;  but  in  the  pure 
state,  have  no  effect  upon  it.  None  of  the  acids  are  capa- 
ble of  effecting  its  decomposition.   When  dissolved  in  am- 
monia, and  mixed  with  running  mercury,  the  silver  gradually 
combines  with  the  latter,  and  crystallizes  into  that  beau- 
tiful appearance,  called  Arbor  Dianse  or  Diana's  tree.  The 
ammoniacal  solution  of  this  chloride  when  heated,  deposites 
a  powtler,  which  is  oxide  of  silver  combined  with  ammo- 
nia.   This  powder  has  the   property  of  detonating  when 
struck,  and  is  hence  called  fulminating  silver. 
3.  Chloride  of  silver  is  composed  of 

Silver  110 

Chlorine         36 
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BooKi.       VIII*  Iodide  of  silver  may  be  obtained  by  dropping  an 
DivkiimL  hydriodate  into  a  solution  of  nitrate  of  silver.  The  hydrlo- 
lodide  of    die  acid  is  decomposed;  its  iodine  combines  with  the  silver, 
^''^'        so  as  to  form  the  iodide  in  question;  while  its  hydrogen 
combining  with  the  oxygen  of  the  oxide  of  silver;  forms 
water.  It  is  an  insoluble  substance  of  a  greenish-yellpw  co- 
lour, having  considerable  resemblance  to  chloride  of  silver. 
Phmphn-        IX.  Phosphuret  of  silver  may  be  formed  by  melting  to- 
^^'  gether  equal  parts  of  silver  and  phosphoric  acid,  along  with 

one-eighdi  of  their  weight  of  charcoaL  The  phosphoric  acid 
parts  with  its  oxygen  to  the  charcoal;  and  thus  reduced  to 
phosphorus,  combines  with  the  silver.  It  is  a  solid  sub- 
stance of  a  white  colour  and  granular  texture.  It  is  decom- 
posed by  heat;  the  phosphorus  exhaling  in  fumes. 
Suipharet  X.  Sulphuret  of  silver  may  be'  fosmed  by  melting  toge- 
ther thin  plates  of  silver  and  sulphur,  laid  alternately  in  a 
crucible.  It  occurs  native  of  a  deep  violet  colour.  It  is  much 
more  fusible  than  silver.  It  is  composed  of 

Silver  1 10 

Sulphur  16 
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AUojr  ofnl-     XI.  The  only  alloy  of  silver  with  metals  already  describ- 
rer  with     ^ j^  which  will  be  noticed,  is  that  with  copper.  This  alloy  is 
formini-    harder  and  more  sonorous  than  silver.  It  is  white,  and  re- 
▼er  eoin.     tains  that  colour,  even  when  the  proportion  of  copper  ex- 
ceeds one  half.   Its  hardness  is  greatest,  when  it  contains 
about  one  eighth  of  its  weight  of  copper.  Silver  coin  con- 
sists of  this  alloy.  The  proportion  of  copper  directed  by  dif- 
ferent nations  to  make  their  silver  standard  is  various.  The 
following  table  gives  the  proportion  of  pure  silver,  combin- 
ed with  one  part  of  copper,  in  die  silver  coin  of  several 
countries. 

eODTS.  Vkiti  «f  pan  diver,  •am 

witD  one  of  «»pper. 

Silver  coin  of  the  United  States,  * 8*3 

Britain, 12*3 

France,  ••...••..•     9* 
Spain^ ...........     8*7 


SECTION  XIV. 

OF  GOLD. 


Gold;  how  I*  Gold  may  be  obtained  pure  by  the  following  process: 
obuined  Treat  native  gold  with  aqua  regia,  until  every  thing  soluble 
^^'         be  taken  up.  If  any  silver  had  been  present,  it  remains  behind 


GOUI. 


Ill 


in  the  form  of  an  insoluble  chloride  (horn  silver).  Separate  Crif.  in, 
the  clear  solution  from  this  residue,  and  add  to  it  a  solu*     ' 
tion  of  sulphate  of  iron,  (green  vitriol):  a  precipitate  falls, 
which  consists  of  pure  gold.   After  being  separated  and 
washed,  it  may  be  fused  into  a  mass. 

II.  Gold  occurs  native,  only  in  combination  with  other  Hmr found, 
metals.  It  is  alloyed  by  silver,  copper,  and  sometimes  iron,  "^  where. 
In  Europe,  it  is  found  in  Hungary,  Sweden,  Norway  and 
Ireland.  In  the  tropical  regions,  where  it  is  by  far  the  most 
abundant,  it  occurs  in  Africa  in  the  sands  of  rivers;  in 

South  America  and  in  India.  In  the  United  States,  it  has 
been  found  in  North  Carolina. 

III.  To  separate  gold  from  earthy  or  sandy  matters,  with  How  Mptt- 
which  it  may  be  mised,  in  the  form  of  grains,  in  nearly  a  ^j^^^. 
pure  state;  the  method  is  to  reduce  the  auriferous  earth  to  tuniDg  it. 
coarse  powder,  and  afterwards  to  place  it  upon  a  doth  with 

a  long  nap,  where  it  may  be  subjected  to  the  action  of  a 
stream  of  water*  By  this  management^  the  greater  part  of 
the  earthy  and  sandy  particles  are  washed  away;  while  those 
of  the  gold,  by  reason  of  their  greater  weight,  remain  be- 
hind entangled  in  the  cloth.  The  particles,  thus  obtained,  are 
disengaged  from  the  cloth,  and  further  purified  by  agitauon 
with  water;  this  acts  by  suspending  the  lighter  particles, 
which  may  be  drawn  off  from  those  which  remam  at  the 
bottoin.  When  the  gold  particles  are  brought  to  this  state 
of  purification,  they  are  triturated  with  mercur}^  in  an  iron 
vessel  containing  boiling  water.  An  amalgam  of  gold  is 
thereby  formed;  but  it  is  still  mixed  with  earthy  matters. 
These  may  be  separated  by  farther  washings;  and  finally  by 
laying  the  whole  mass  upon  an  inclined  surface;  from  which 
the  amalgam  may  be  made  to  run  by  a  little  stirring,  leaving 
the  impurities  behind.  After  the  amalgam  is  thus  obtained 
in  a  pure  state,  it  is  subjected  to  distillation;  whereby  the 
mercury  is  driven  off  in  the  state  of  vapour,  and  the  gold 
is  left  behind.  If  it  contain  silver  as  it  usually  does,  this 
metal  may  be  separated  by  subjecting  it,  in  very  thin  leaves, 
to  the  action  of  nitric  acid.  This  acid  dissolves  the  silver 
and  leaves  the  gold  untouched. 

IV.  Gold  is  a  soft  metal  of  a  fine  light  yellow  colour.  It  Propertiea 
is  destitute  of  taste  or  smell.  Its  lustre  is  very  considerable.  ^V^^- 
It  is  the  most  malleable  and  ductile  of  all  the  metals.  In  the 

air  or  immersed  in  water,  it  does  not  lose  its  lustre,  and 
is  not  in  the  least  affected  by  these  fluids.  When  subjected 
to  a  heat  of  32^  of  Wedgewood,  it  (uses  and  assumes  on  the 
surface,  a  bright  bluish  green  colour. 

V.  Next  to  platinum,  it  is  the  heaviest  substance  kiiown;  Spee.  gnv 
being  more  than  nineteen  times  as  hea^'y  as  water.  ^^^' 
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Book  l       VL  Cold  combines  in  two  propoiiioDS  with  oxjrgen,  and 
Divirfop  I.  forms  protoxide  and  peroxide  of  gold. 
Gold  forms      i.  Protoxide  of  gold  may  be  obtained  by  ezposincr  per- 

two  oxides.  •     J       ,,       -./•^•^Vr        u^L       ^        r,   .^'^ 

1.  Protox-  nydrochlorate  (permunate)  of  gold  to  heat,  until  it  ceases 
ide.  to  give  out  chlorine.  The  chlorine  appears  in  consequence 

of  the  decomposition  of  part  of  the  hydrochloric  acid;  the 
corresponding  hydrogen  of  the  same  acid  combines  with  part 
of  the  oxygen  of  the  peroxide,  so  as  to  reduce  it  to  the  state 
of  protoxide;  and  thus  the  perhydrochlorate  becomes  a  simple 
hydrochlorate.  When  caustic  potash  is  added  to  this  hydro- 
chlorate,  it  throws  down  the  protoxide  in  the  form  of  a 
,     powder. 
Its  proper-      2.  This  oxide  is  of  a  green  colour.  In  a  very  short  time 
^^  it  becomes  separated  into  two  parts.  Two  thirds  of  it  are 

reduced  to  the  metallic  state;  the  oxygen  from  which,  com* 
bining  with  the  other  third,  converts  it  into  peroxide.  It  is 
composed  of 

Gold  300 

Oxygen  8 

208 
t.Peroskle     1,  Peroxide  of  gold  may  be  formed  by  dissolving  the 
metal  in  a  mixture  of  one  part  of  nitric  acid,  and  four  parts 
of  hydrochloric  (muriatic)  acid;  and  treating  the  heated  so- 
lution by  potash.   A  precipitate  gradually  appears,  which 
must  be  washed  carefully  and  dried;  it  consists  of  die  per- 
oxide in  question. 
Its  proper-      2.  This  peroxide  is  a  tasteless  reddish  brown  powder;  in- 
^^  soluble  in  water,  but  dissolving  readily  in  hydrochloric 

(muriatic)  acid.  A  very  moderate  heat  drivesoff  its  oxygen 
and  reduces  it  to  the  metallic  state.  It  is  composed  of 

Gold  200 

Oxygen  24 

224— From  these  num- 
bers, it  is  evident  that  this  oxide  contains  three  times  as 
much  oxygen  as  the  protoxide. 
Its  nwdiMl     S.  Peroxide  of  gold,  as  well  as  several  other  compounds 
"•«■•  of  this  metal,  has  been  recommended  by  a  French  writer 

for  the  cure  of  the  venereal  disease.  But  it  is  believed  that 
the  subsequent  trials  of  the  preparations  of  the  metal  have 
not  confirmed  the  reports  made  in  its  favour. 

Chloride  of     VII.   Chloride  of  gold  may  be  formed  by  heating  the 

Sold.  metal,  in  a  state  of  minute  division,  in  chlorine  gas.  It  is  a 

brown  substance.  When  exposed  to  the  air,  it  decomposes 

moisture,  and  is  converted  into  perhydrochlorate  (permu- 

riate)  of  gold. 

VIII.  Phosphuret  of  gold  may  be  formed  by  fusing  to- 


gediar »  m  eroeiUe  Me  pMt  of  gold  and  two  piMi  of  dty  o*q:»MjL 
phosphoric  acid,  surrounded  by  cl^rcoal.  It  k  a  very  britthi  -«-*«• 
substance  of  a  nuch  piiler  colour  than  gold* 

IX.  Sulphuret  of  gold  cannot  be  formed  by  fusing  to^  Sulphuvt. 
gether  its  constiiuentsi  but  if  hydrosulpbate  of  potash  or 

•f  soda  be  dropped  into  a  solution  of  gold,  this  sulphuret 
falls  in  the  form  of  a  prtcipiute.  It  has  a  blade  colour. 

X.  Gold  combines  with  the  majority  of  the  other  metals;  xru^  of 
but  the  only  combinations  of  this  kind,  which  will  be  men-  v^  "^^ 
tioned  here,  are  those  with  copper  and  mercury.  oRtr^  ^ 

t.  Itie  alloy  of  gold  and  copper  is  easily  formed  hf  fu-*  fiarmt  gM 
sioa.  The  copper  increases  the  hardness,  without  injuring*^*'' 
the  colour  of  the  gold.  When  gold  is  prepared  for  coinings 
k  is  alloyed  either  with  this  metal,  with  silver,  or  with  a 
■lixture  of  both.  The  gold,  if  coined  perfectly  pure,  would 
be  too  soft  for  the  purposes  of  moneys  i  he  quantity  of  alloy* 
log  metal,  which  enters  into  the  composition  of  the  gold 
coin  of  the  United  States,  Britaitti  France  and  Spain,  may 
be  seen  by  the  following  table. 


•faltojliif 

Gold  coin  of  the  United  States  contain       .  1 1 

•  Britain 11 

■  Prance 9  Aeftrly. 

■  Spain        ......        S'5  nearly^ 

Goldsmiths,  to  express  the  parity  of  gold,  appose  its 
alloys  to  be  divided  into  34  equal  parts,  which  they  call  carattf 
and  the  pure  gold  is  expressed  in  Mth  parts.  Thuk  gold 
•aid  to  be  30  carats  fine,  contains  Hths  of  pure  gold  and 
atfths  of  alloying  metal.  If  gold  is  said  to  be  24  carais  fine^ 
k  must  be  perfectly  pure  gold. 

3.  The  amalgam  oif  gbld  is  used  in  some  of  the  methods  Amaigsm 
of  gilding.  Silver,  brass  and  copper  may  be  gilded  by  iu  ^JS^^* 
Tbe  process  consists  in  applying  with'  a  brush,  a  thin  layer  gu 
of  the  amalgam,  upon  the  metal  to  be  gilded,  and  then  et^ 
posing  ie  to  the  heac  of  a  charcoal  ftr«#  Tbe  mercury  is  in 
ibis,  way  vcrfatOised,  andafhin  layer  of  gold  remams  eover- 


ing  tbe  metal. 

SECTION  XV. 

OF  PLATINUM. 

i.  Platinum  may  be  obtained  pure  By  the  following  pro*  pisiimimt 
oess:  Dissolve  the  South  American  ore  in  aqua  regia,  at»d  JjJ^^^"'"' 
precipitate  the  solution  by  hydrochlorate  of  ammonia  (sal     ' 

P 
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Bmk  I.    annnoniac).  Dissolve  the  precipitate  in  aqua  regia  also«  and 
DimioDL  precipitate  again  by  hydrochlorate  of  ammonia.  The  pro- 
duct of  the  second  precipitation,  when  heated  to  whiteness, 
is  pure  platinum. 
Wbere  II.  Platinum  has  been  found  heretofore  only  in  Spain; 

foaiid.        nQ^  In  three  places  in  South  America.  Its  localities  in  South 
America  are,  near  Choco  in  Peru,  at  Santa  F£  in  New 
Granada,  and  in  a  district  in  the  Brazils.  It  is  usually  al- 
loyed by  a  number  of  metals. 
IttdiMore-     HI*  This  metal,  in  its  impure  state,  was  first  noticed  in 
<7*  ir41.  Nothing,  however,  was  ascertained  of  its  properties, 

until  Dr.  Lewis  published  his  papers  on  it,  in  the  Philoso- 
phical Transactions  for  1754. 
PropertiM      IV.  Platinum  is  a  white  metal,  possessing  considerable 
of  pUtinttin  brilliancy;  but  inferior  in  this  respect  to  silver.  Its  hardness 
is  intermediate  between  that  of  copper  and  iron.  It  is  very 
ductile  and  malleable;  possessing  these  qualities  in  a  greater 
degree  than  any  other  metal,  except  gold.   It  is  one  of  the 
most  infusible  metals.  It  is  not  in  the  slightest  degree  alter- 
ed by  exposure  to  air  or  immersion  in  water.  It  is  capable 
of  being  welded  at  a  white  heat.  It  may  be  made  to  bum 
by  subjecting  it  to  the  intense  heat,  produced  by  the  com- 
bustion of  a  stream  of  oxygen  and  hydrogen  gases. 
Spee.  grtf.     V.  It' is  the  heaviest  body  known,  being  tibout  twenty- 
si  w,     one  and  a  half  times  as  heavy  as  water. 
Platinum        VI.  Platinum  combines  in  two  proportions  with  oxygen^ 
Ibrait  two  i^Qf}  forms  protoxide  and  peroxide  of  platinum. 
1.  PitMox-       1*  Protoxide  of  platinum  may  be  obtained  by  dropping  m 
mI^  solution  of  mercury,  into  a  dilute  solution  of  hydrochlorate 

(muriate)  of  platinum  in  hot  water.  A  oowder  precipitates, 
which  is  a  mixture  of  protochloride  oi  mercury  (calomel) 
and  this  oxide  of  platinum.  Expotfe  this  powder  to  a  heat 
just  sufficient  to  volatilize  the  protochloride;  what  remains 
will  consist  of  the  protoxide  of  platinum  in  a  state  of  pari^» 
It  is  in  the  form  of  a  powder  of  a  deep  black  colour. 
3.  Peroxide  2*  Peroxide  of  platinum  may  be  formed  by  decomposing 
sulphate  of  platinum,  by  pure  potash  added  in  excess.  A 
precipitate  appears,  which  must  be  heated  to  separate  some 
waten  It  is  then  pure  peroxide  of  platinum.  Its  colour  is 
dark  brown;  when  exposed  to  a  high  temperature  it  is  re- 
duced to  the  metallic  state.  It  dissolves  in  potash  and  soda, 
and  in  their  carbonates. 

pittiDom  VII.  Platinum  combines  in  two  proportions  with  chlorine, 
formi  m  mn)  forms  protochloride  and  perchloride  of  platinum.  The' 
xldeeiiilft  protochloride  is  merely  known  to  exist;  its  properties  or 

composition  have  not  been  ascertained.  The  perchloride  will 

be  noticed  in  the  following  paragraphs. 


\ 


FLATINUM.  1 J5 

1*  Perchloride  of  platinum  may  be  formed  by  boiling  the  Cbjlt,  in. 
metal  in  strong  hydrochloric  acid,  adding  occasionally  a  perchii-'" 
little  nitric  acid.  The  solution  is  to  be  evaporated  to  dryness,  ride. 
and  the  dry  mass  digested  in  a  little  hydrochloric  acid; 
which  also  is  to  be  driven  off.  The  dried  residue  is  to  be 
cautiously  heated  to  redness,  and  alterwards  boiled  in  a 
considerable  quantity  of  water.  Being  separated  and  dried, 
it  is  pure  perchloride  of  platinum. 

2.  This  chloride  has  a  dull  olive  brown  colour.  It  is  in- 
fusible and  scarcely  soluble.  It  is  not  altered  by  exposure 
to  air.  When  exposed  to  a  red  heat,  it  exhales  chlorine,  and 
is.  reduced  to  the  metallic  state. 

VIII.  Platinum  combines  in  two  proportions  with  phos-  Itfornia 
phorus,  and  forms  protophosphuret  and  perphosphuret  of 
platinum. 

1.  Protophosphuret  of  platinum  may  be  obtained  by  heat-  prntnpbot- 
iog  together  phosphorus  and  platinum  in  an  exhausted  glass  P^wet^wd 
tube.  At  a  temperature  below  redness,  they  combine  with 
vivid  ignition  and  flame.  It  has  a  bluish-grey  colour,  and 
is  destitute  of  taste  or  smell. 

2«  Perphosphuret  of  platinum  may  be  formed  by  heating  perpimt. 
hydrochlorate  of  platinum-and-ammonia,  (ammonio-muriate  P*^*^ 
of  platinum),  with  two-thirds  its  weight  of  phosphorus,  in  a 
small  retort  over  merctiry.  After  the  union  has  taken  place, 
the  whole  must  be  exposed  to  a  dull  red  heat  to  expel  every 
thing  volatile:  what  remains  will  consist  of  this  perphos- 
phuret. It  is  a  tasteless  inodorous  substance  of  an  iron^ 
grey  colour. 

IX.  Platinum  appears  capable  of  forming  three  sulphu-  Phtfaimn 

rets.  form*  three 

1.  Protosulphuret  of  platinum  may  be  formed  by  heating  ""  P  ""^  ■• 
together  equal  weights  of  platinum  and  sulphur,  in  an  ex- 
hausted glass  tube;  and  afterwards  exposing  the  mass  form- 
ed, nearly  to  a  red  heat»  to  drive  off  every  thing  vaporizable. 
It  is  a  tasteless  and  inodorous  substance  of  a  dull  bluish- 
grey  colour. 

3.  Deutosulphuret  of  platinum  may  be  obtained  by  pre- 
cipitating platinum  from  solution,  by  means  of  hydrosulphu- 
ric  acid  (sulphuretted  hydrogen).  The  precipitate  obtained 
must  then  be  heated  in  a  close  vessel.  It  is  a  tasteless  pow- 
der of  a  bluish  black  colour. 

3.  Persulphuret  of  platinum  may  be  obtained  by  exposing 
a  mixture  of  three  parts  of  ammonio-hydrochlorate  (ammo- 
nio-muriate)  of  platinum,  and  two  parts  of  sulphur  to  a  heat 
gradually  increased  to  redness,  and  continued  at  that  tem- 
perature, until  every  thing  Volatile  is  driven  off.  This  sul- 
pharet  has  a  dark  iron-grey  colour.    It  is  not  fusible  when 
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BoiM*  t  espeted  to  n  considerable  heat  hi  eloae  vesaebi  but  vAtm- 
•  ."°"^..  •"^^cted  to  a  red  beat  in  the  open  air,  it  is  decompoaedi 

the  sulphur  is  dissipated,  and  the  phitinaiii  is  left  behind  in 

the  metallic  state* 
AlioTt  of        X.  The  alloys  of  platitium  have  not  as  yet  been  applied 
V^*^^"*-    so  any  useful  pui|)osc,  if  that  with  copper  be  excepted*  This 

allpy  has  been  eanployed»  with  advantage,  for  forming  the 

mirrors  of  reflecting  telescopes.    Platinum  itself  may  be 

considered  useful  in  every  case,  in  which  hard  and  indes* 

tructible  metallic  substance  is  requiredl 
Pifttiniim        %l.  Platinum,  in  solution  in  aqua  regta  and  combined 
u^a^medU  ^j^|^  aoda,  has  been  empoyed,.  with  seeming  advantage,  !• 

son^fc  caaes  of  syphilis* 


SECTION  XVI. 

OP  PALLADIUM. 

^^I^^JJH^     I.  Palladium   may  be  obtained  pure  by  dissolving; 
cd  purtj*     crude  platina  from  South  America  in  aqua  regia,  and  pre- 
cipitating the  solution,  by  means  of  a  solution  of  cyanodide 
(prussiate)  of  mercury.  The  precipitate  thus  obtained,  after 
being  washed,  dried  and  exposed  to  a  strong  heat,  is  con- 
verted into  pure  palladium. 
Pound  m        II.  Palladium  is  one  of  the  peculiar  metals,  which  have 
•J^«  V^  been  detected  in  the  crude  platina  of  South  America.  It 

was  discovered  in  1803  by  Dr.  Wbllaston. 
hMpvaptr-    .III*  Palladium  is  white,  and  susceptible  of  being  polish* 
**^  ed.  It  is  somewhat  harder  than  wrought  iron.  It  possesses 

some  malleability.  It  undergoes  no  alteration  in  the  air.  It 
b  extremely  infusible:  in  the  highest  heats  that  can  be  rais- 
ed, it  fuses  only  in  minute  portions.  When  fused  on  char- 
oeal  by  means  of  a  jet  of  oxygen,  it  was  made  to  boil,  and 
at  last  to  undergo  combustion;  emitting  at  the  same  time. 
briUiant  sparks. 
SpM.  grav.     IV.  It  is  about  eleven  and  a  half  times  as  heavy  as  water; 
Pormt  M      ^'  P*U*<*i*Mn  combines  with  oxygen  in  one  proportion 
MMoside.  enl}',  and  forms  o»de  of  palladium.  It  may  be  obtained  by 
heating  palladium  filings  with  pure  potash,  mixed  with  a 
little  nitrate  of  potash  (nitre).   It  has  a  chesnut-browir  co^ 
lour.  It  is  composed  of 

Palladium       5(1 
Oxygen  8 

64. 

Chtorideof     VI.  Chloride  of  palladium  niay  be  formed  by  ihe-Ajanay?' 
p*u«^Biim.  of  heat.  Its  properties  have  not  been  exammd. 
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VU.  Sidflmwlof  iMlliidhim  wny  be  formed  hjr  Arowipg  Cam  PL 
eulphur  upon  stroDgly  heated  palladium*  The  metid  iuuiie*  Mphnrat. 
diately  eoieiB  lalo  a  atate  of  f imioAi  aad .  the  uoion  takea 
flace»  It  b  veiy  biiide^  and  rather  paler  thaa  paUadhinsk 


SECTION  XVII. 

OF  RHODIUM.* 

I.  Rhodiitm  may  be  obtained  by  the  following  process:  Rhodtnm; 
Subject  crude  platina  to  the  action  of  aqua  regia,  as  long  as  ^^1^^^* 
diis  menstruum  dissolves  any  thing.  Separate  the  black 
powder,  which  will  be  found  to  have  resisted  the  action  of 
die  aqua  regia;  and  to  the  clear  solution,  add  a  solution  of 
hydrochlorate  of  ammonia  (sal  ammoniac):  this  addition 
will  throw  down  nearly  all  the  platinum.  After  separating 
this  precipitate,  immerse,  into  me  clear  solution,  a  rod  of 
zinc:  this  metal  throws  down  rhodium,  contaminated  with 
copper,  lead,  platinum  and  palladium,  in  the  form  of  a  black 
powder*  By  submitting  this  powder  to  the  action  of  diluted 
nitric  acid,  the  copper  and  lead  will  be  dissolved;  while  the 
other  metab,  which  it  contains,  will  remain  untouched. 
What  is  left  after  the  action  of  the  nitric  acid  is  then  dis- 
solved in  aqua  regia,  and  chloride  of  sodium  (common  salt) 
added  to  the  solution*  The  whole  ia  then  evaporated  to  dry- 
ness; and  the  mass  obtained  will  consist  of  the  oxides  of 
ihodium,  platinum  and  palladium  in  combination  with  the* 
chloride  ot  aodium.  The  oxides  of  platinum  and  palladium, 
in  tbia  state  of  combination,  are  soluble  in  alcohol;  whereaa 
the  oxide  of  rhodium  ia  insoluble.  By  washing  the  masa, 
therefore^  repeatedly  in  alcohol,  the  oxidea  of  platinum  and 
palladium  are.removed;^  so  that  nothing  remains  but  oxide 
of  rhodium  in  combiaaUoa  with  chloride  of  sodium*  Dia** 
aolve  this  residuaL  compound  in  water,  and  place  in  the 
soluuoa  a  rod  of  zinc:  this  metal  throws  down  the  rhodiuoK 
in  the  form  of  a  black,  powder,  which  may  be  fused  into  a; 
masa  along  with  borax. 

IL  Rhodium  has  been  found  only  in  the  crude  platina  Foond  only 
from  South  America.   It  was  discovered  by  Dr«  Woilaston"!'!^^ 
in.l8(H.  P**^"' 

III.  Rhodium  ia  a  brittli!  metal  of  a  white  colour;  and,  lu  proper, 
excepting,  perbapa  iridium,  next  to  be  described,  the  most^^^ 
infuttble  of  the  metals..  It  has  the  distinguishing;  pri^rty 
of  being  insoluble  in  all  the  acids. 


^  Fton  flfwcf  rote.«ot6iired»  on  Mcoantof  tharsd  rd^w  sCcMl^adotata* 
iftiiefsllioC  Uuf  iMial. 
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Boole  I.       IV*  It  is  somewhat  more  than  ten  and  a  half  times  as 
DiviMonL  heavy  as  water. 

Speo.  crtT.     V.  Rhodium  combines  in  three  proportions  with  oxygen. 

Tcm^*        !•  Ptotoocide  of  rhodium  may  be  obuined  by  exposing 

throe  oi>   -rhodium  in  powder,  in  an  open  vessel,  to  a  moderate  red 

i^*"-  heat.  It  is  a  black  substance,  which  is  insoluble  in  acids. 

When  heated  with  tallow,  it  deoxidizes  with  detonation.  It 

is  doubtful  whether  this  oxide  enters  into  the  composition 

of  any  salt. 

S.  Deutoocide  of  rhodium  may  be  formed  by  heating  the 
metal,  in  powder,  with  a  mixture  of  potash  and  nitrate  of 
potash  (nitre),  and  exposing  the  resulting  mass  to  the  action 
of  sulphuric  acid.  This  acid  dissolves  off  the  potash;  and 
what  remains  consists  of  the  oxide  in  question.  It  has  a 
brown  colour.  It  does  not  enjoy  the  property  of  a  salifiable 
base. 

3.  Peroxide  of  rhodium  may  be  prepared  by  precipitating 
the  compound  of  oxide  of  rhodium  and  chloride  of  sodium, 
(soda-muriate  of  rhodium),  by  potash,  and  exposing  the 
precipitate  obtained  to  heat.  It  has  a  red  colour.  It  is  this 
oxide  which  is  present  in  the  salts  of  oxidized  rhodium. 


SECTION  XVIII. 

OP  IRIDIUM.* 

I.  Iridium  may  be  obtained  pure  by  the  following  pro- 
how  obtam-^gg.  Expose  the  black  powder,  which  remains  undissolved 
by  the  action  of  aqua  regia  upon  crude  platina,  mixed  with 
five  times  its  weight  of  pure  soda,  in  a  silver  crucible,  to  a 
red  heat  for  half  an  hour.  Subject  the  resulting  mass  to  the 
action  of  water,  in  order  to  dissolve  oiF  the  soda.  Treat  the 
residue  alternately  with  hydrochloric  (muriatic)  acid  and 
potash,  until  it  becomes  totally  dissolved:  by  the  action  of 
the  potash  a  peculiar  metal  is  separated,  which  will  be 
.described  in  tne  next  section;  that  part  of  the  residue,  how* 
ever,  which  dissolves  in  the  hydrochloric  acid,  consists  of 
iridium.  Evaporate  the  acid  solution  to  drjoiess;  and,  in 
order  to  get  rid  of  some  osmium,  dissolve  the  dry  mass  in 
hydrochloric  acid,  and  evaporate  the  solution  until  it  crys- 
tallize. The  crystals,  thus  obtained,  will  consist  of  hydro- 
chlorate  (muriate)  of  iridium.    Expose  them  to  a  high 


'•Prom  irii,  ilio  ninbov;  on  oeMont  of  tho  remarkaUo  tarietf  of  ookmn 
▼llMi  thk  OMOl  exiubitt  fai  lolatiMii. 


temperatiire  in  a  platinam  crucible;  the  acid,  and  the  oxygen  Caiy.  ill. 
of  the  oxide  are  driven  oflf;  ao  that  nothing  will  remain  but 
pure  iridium* 

II.  Iridium  was  discovered  in  1803,  about  the  same  Poand  oaljr 
time,  by  Tennant  and  Descotils.  It  exists  only  in  the  crude  S^^,!^ 
plaona  of  South  America. 

III.  Iridium  is  a  brittle  metal  of  a  white  colour.  It  isluproper- 
the  most  infusible  metal  known.  It  resists  the  action  of  ali^^^ 
solvents  except  aqua  regia;  and  this  last  makes  but  a  slight 
impression  upon  it. 

IV.  At  a  mean,  it  is  about  nineteen  times  as  heavy  as  Spce.  smt. 
water.  ^ 

V.  Judging  from  the  phenomena,  which  attend  the  solu-  ^''g^ 
tion  of  iridium  in  hydrochloric  (muriatic)  acid,  it  would  ^^li 
appear  that  this  metal  is  capable  of  forming  two  oxides;  but 
nothing  is  known  of  their  individual  properties. 


SECTION  XIX. 

OF  OSMIUM.* 

I.  Osmium  may  be  obtained  by  the  following  process: 
Distil  the  black  powder  obtained  from  crude  platina,  mixed  ^^I^^^' 
with  nitrate  of  potash  (nitre)^  at  a  low  red  heat:  the  potash 

of  the  nitrate  combines  with  the  osmium  present  in  the 
black  powder;  and,  from  this  combination,  allows  it  to 
sublime  in  the  state  of  oxide.  Dissolve  the  oxide  thus 
obtained  in  water,  and  agitate  the  solution  along  with  mer- 
cury: the  oxide  becomes  reduced  to  the  metallic  state,  and 
forms  a  combination  with  mercury.  By  distilling  thb  amal- 
gam, the  mercury  is  driven  off  in  the  state  of  vapour, 
while  the  pure  osmium  remains  behind. 

II.  Osmium  was  discovered  by  Tennant  in  1804.   Like  Found  onij 
the  two  metals  last  described,  it  has  been  found  only  in  the  ^^[^ 
crude  platina  from  South  America. 

III.  Osmium  has  a  dark-blue  colour,  and  the  metallic  Iti  proper- 
lustre.   When  exposed,  in  close  vessels,  to  a  white  heat,  it  ^^^ 
does  not  melt  or  undergo  any  change;  but,  when  heated  in 

the  open  air,  it  becomes  oxidized,  and  evaporates  with  a 
peculiar  smell,  resembling  that  of  chlorine.  After  being  ex- 
posed to  heat,  it  is  not  acted  upon  by  any  acid.  Its  weight, 
compared  with  that  of  water,  has  not  been  ascertained. 


*  From  Iriuk^  odonr;  from  the  remarkable  property  of  thii  metal*  of  pometiing 
aptiHarodoor  in  •-"-•s-' 
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Book  l       IV*  Oamiom  conbinee  is  one  propeitiott  mtif  mUtk  «By- 

l>ivi»i<m  1.  g^^  jmj  forms  oxkk.of  osmianw 

FotfDB  but  1*  This  oside  may  be  formed  by  heating  onmiiim  in  the 
OM  ond«.  0pcn  air.  The  metal  combines  with  oxygeni  bnt  the  heat 
applied  volatilizes  the  oiude.  It  may  be  obtained  in  the 
solid  form  by  distilling  the  black  powder  of  erode  platina 
with  nitrate  of  potash  (nitre),  as  mentioned  in  thcbeginning 
of  the  present  section.  A  substance  sublimes,  which  con« 
•BslB  of  the  oxide  in  question, 
ftt  proper^  2*  Oxide  of  osmium,  obtained  by  the  last-mentioned 
process,  when  cool,  is  a  solid  semi-transparent  mass.  Its 
solution  in  water  is  colourless,  and  has  a  sweetish  taste  and 
strong  peculiar  smell.  It  does  not  alter  the  colour  of  vege- 
table blues.  When  shaken  with  mercury,  it  loses  its  peculiar 
smell,  thr  osmium  becomes  deoxidized,  and  forms  an  amal* 
gam.  It  stains  the  skin  of  a  dark  colour.  It  is  precipitated 
by  all  other  metals,  except  gold  and  platinum^  the  osmium 
being  reduced  to  the  metallic  state. 

V.  Researches  into  the  compounds,  which  osmium  forms 
with  other  bodies,  have  not  been  made  to  any  extent.  Two 
or  three  alloys  have  been  formed;  but  these  are  too  unim- 
portant to  be  described. 


SECTION  XX. 

OF  TITANIUM. 

THiniam;       !•  TiTAVTiTM  may  be  obtained  by  the  following  process: 
how  obtain.  Fuse  the  mmeral  called  titanite,  which  consists  of  oxide  of 
^^"^     titanium  nearly  pure,  with  five  or  six  times  its  weight  of 
carbonate  of  potash  (salt  of  tartar),  and  wash  the  mass  ob- 
tained until  every  thing  soluble  be  abstracted.   Digest  the 
residue  with  boiling  hydrochloric  (muriatic)  acid:  a  white 
powder  will  remain,  which  has  resisted  the  action  of  the 
acid;  it  consists  of  peroxide  of  titanium.  It  may  be  de-* 
oxidized  by  exposure  to  a  violent  heat,  mixed  with  oil,  in 
a  charcoal  crucible. 
Hovfoaod.     II«  Titanium  has  been  found  in  the  state  of  oxide,  either 
pure,  or  combined  with  iron,  or  with  silica.  It  occurs  in 
kngland,  Scodand,  France  and   Hungary.  In  the   United 
States,  it  has  been  found  in  Virginia,  in  the  state  of  oxide. 
AeMimtof      III*  Titanium  in  an  oxidized  state  was  first  obtained,  in 
ludiwofe-  1781,  by  Gregor,  from  a  mineral,  resembling  Mack  sand, 
^'  which  was  found  in  the  valley  of  Menachan  in  Cornwall, 

and  hence  called  menachanite.  Gregor  had  every  i«asoa  to 
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believe  tbit  the  powder,  which  he  had  divcovered,  was  a  Ciiy.in. 
mecallic  oxide;  but  he  was  unable  to  reduce  it  to  the  metallic 
state.  In  1795,  Klaproth  obtained  the  same  powder  from 
the  mineral  caHed  red  schorl,  and  with  the  same  evidence 
of  its  metallic  nature;  but  he,  like  Gregor,  in  vain  attempt- 
ed its  reduction.  In  1796,  however,  Vauquelin  and  Hecht 
succeeded  in  reducing  minute  portions  of  the  powder  to  the 
metallic  state.  Gregor  ought  nevertheless  to  be  consider- 
ed as  the  discoverer  of  this  metal;  since  the  last  mentioned 
chemists  did  nothing  more  than  to  verify  his  original  opi- 
nion respecting  its  oxide. 

IV*  Titanium  is  a  very  brittle  metal,  of  a  colour  resem-  Properties 
Ming  that  of  copper.   It  possesses  considerable  lustre,  but  ^^'•■'•™' 
tarnishes  in  the  air.   It  is  extremely  infusible;  the  highest 
heat,  which  can  be  raised,  produces  its  fusion  but  imper- 
fectly. Its  specific  gravity  has  not  been  ascertained. 

V.  Titanium  combines  with  oxygen  in  three  proportions,  Titanium 
and  forms  protoxide,  deutoxide,  and  peroxide  of  titanium.  ^'•U'^^^'^ 

1.  Protoxide  of  titanium  may  be  formed  by  heating  titani- 
um in  the  open  air.  It  has  a  blue  or  purple  colour. 

2.  Deutoxide  of  titanium  has  a  red  colour.  It  constitutes 
the  mineral  called  red  schorl  or  titanite.  Its  hardness  is  suf- 
ficient to  enable  it  to  scratch  glass.  When  heated,  it  becomes 
brown;  and  afterwards,  if  the  fire  be  urged  violently,  it  is, 
in  part,  volatilized. 

3.  Peroxide  of  titanium  may  be  obtained  by  fusing  the 
deutoxide  with  four  times  its  weight  of  potash,  and  treating 
the  mass  obtained  by  water.  A  white  powder  will  remain 
behind,  which  consists  of  the  peroxide  in  question. 


Q 
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Book  I.       Widi  the  prec^ing  description  of  titanium^  the  aooount 
DiTiBont  pf  ^^  imdecompoiiDded  ponderable  bodies  is  completed* 
Tiiey  amouat  to  51  ki  number*  There  are 

4    supporters  of  combustion; 
1     incombustible,  and 
46*  combustibles. 

The  classification  of  these  bodies,  pursued  in  the  present 
work,  may  be  seen  in  die  following  table. 


*  Gadmlitm  tad  Wodaaum  are  not  iii«liided  ia  this  eaaaierfttkni. 
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TABLE, 

SXHIBTTIVO  THE  ARBANGKMSlIT  OP  THE  UNDECOMPOUNDED  FOm>BftABLE  BODIES. 

rfl.  OiTgeD. 
L  Supporters  ofj  S.  Chlorine, 
combuttioii.  |  S.  Iodine. 


XI.  Incombiuti- 
Uea. 


b 


Asote. 


OD 

5 
o 

PS 
Q 


o 


'•^ffilSl«.  J  *•«»•"«*"• 


II.  Addiiiable 
eombostiblea.^ 


1.  Carbon. 

3.  Boron. 

3.  Phoipbonu. 

4.  Sulphur. 

5.  Arsenic 

6.  Chromiam. 

7.  Molybdenum. 

8.  Tungsten. 
0.  Colombium. 

^10.  Sdenium. 


m.  Intermedinte  C  1.  Antimonj. 
eombuitibles.  ^  2.  TeUurinm. 


m.  CombnitiM 


les.^ 


a,  BanfinUe  eombnstibles, 
forming;,  with  oxygen,  al-^ 
kaline  salifiable  bases;  or, 
alkalifiabla  eombnstiblet. 


1.  Potassiam. 
3.  Sodium. 
Sw  Lithium. 
4b  Caleium. 

5.  Barium. 

6.  Strontium. 

7.  Magnesium. 


r  1.  Yttrium. 

forming,     with    oxjgen,<r    "'  "»"""»«'^ 
earthy  salifiaMe  bases. 


4.  Zireooinm. 

5.  Thorinnm. 


ly.  Baaifiable       J 
oomboitibles.^ 


c.  Basifiable  eombustibles, 
forroinff,  with  oxyjgen,  sa^ 
lifiable  basesy  havmg  nein 
ther  alkaline  nor  eartbj 
propertiet. 


I  6.  SiUeom. 


''  1.  Iron. 
8.  Niekel. 
&  Cobalt. 

4.  Manganese. 

5.  Cerium. 

6.  Uranium. 

7.  Zinc 

8.  Lead. 

9.  Tin. 

10.  Copper. 

11.  Bismuth. 
IS.  Merourj. 
13.  Silver. 
l4.GokL 

15.  PLatinom. 

16.  Palladium. 

17.  Rhodium. 
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Chav.  IV. 


CHAPTER  IV. 

ACCOUNT  OF  THE  ARRANGEMENT  OF  THE  UNDECOMPOUNDED 

PONDERAIILE  BODIES. 

The  arrangement  of  these  bodies,  as  seeo  by  the  table,  Arrange- 
is  in  many  respects  different  from  that  adopted  by  Dr.neDtofa«- 
Thomson;  although  founded  on  the  classifieation  of  this^^^^J^ 
author*  The  work  of  Dr*  Thomson  has  been  constantly  poodarabie 
before  me;  and  I  do  not  know  whether  the  same  arrange-  ^^eii  up. 
ment  would  have  occurred  to  me,  if  I  had  never  seen  his  on  that  pur- 
system.  Be  that  as  it  may,  the  truth  is,  I  never  hesitated  to  xh^m  ^' 
alter  his  arrangement;  when,  upon  careful  consideration,  a 
conviction  was  felt,  that  the  alteration  would  tend  to  sim- 
plification and  precision.  In  short,  I  never  altered,  merely 
for  the  sake  of  altering;  neither  did  I,  in  any  case,  give  up 
my  mature  judgment,  merely  because  it  differed  from  that 
of  a  chemist  of  high  authority; 

In  as  concise  a  way  as  possible,  I  shall  take  notice  of  the 
alterations  which  have  been  made  in  Dr*  Thomson's  arrange- 
ment; and  afterwards  mention  what  appear  to  be  the  prin* 
cipal  defects  of  the  classification,  as  it  stands  in  the  present 
work. 

The  arrangement  adopted,  in  its  primary  divisions,  agrees  ft  agreet 
with  that  of  Dr.  Thomson:  the  undecompounded  pondera-  xboiuoii* 
ble  bodies  are  divided  into  supporters  ot  combustion,  in^'ioUsitrinM- 
combustibles,  and  combustibles*  T  di? Uom, 

Or.  Thomson  divides  the  combustibles  into  three  genera,  Dr.  Thom- 
ubich  he  defines  in  the  following  words.  *^iS^*^** 

^*  L  Bodies  forming  octA  by  uniting  with  the  supporters  um  into' 
of  combustion  or  with  hydrogen*"  ^^^  K«- 

^^  II.  Bodies  forming  alkiUies  or  bases^  capable  of  consti*''*'^ 
tttting  neutral  salts  with  acids,  by  uniting  with  the  suppor- 
ters of  combustion."* 

^^  III.  Bodies  producing  by  their  union  with  the  suppor- 
ters of  combustion,  imperfect  acids,  or  substances  interme- 
diate between  acids  and  alkalies.^f 

As  introductory  to  the  account  of  the  third  genus,  Dr. 
Thomson  gives  the  following  distinguishing  characters  to 
the  bodies  included  under  that  head. 

^  The  substances  belonging  to  this  genus  may  be  consi- 
dered as  intermediate  between  the  first  and  the  second 


•  T1ioaa<n*t  Chanbtrys  tqI.  L  p.  S90.  illtid,  p.  881.— Bd.  1817. 
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BookL    genus*   They  differ  from  those  of  the  second  genus,  by 
DSTMJon  I.  iorming  compounds  with  oxygen,  which  do  not  neutralize 
acids;  and  from  those  x)f  the  first  gequs,  by  not  entering 
into  any  gaseous  combitiations.  They  agree  with  the  bodies 
of  the  nrst  genus;  because  their  oxides  possess  acid  proper- 
ties. They  agree  with  the  bodies  of  the  second  genus;  be- 
cause these  acids  are  but  imperfecdy  soluble  in  water,  and 
act  with  but  little  energy  upon  animal  and  vegetable  bodies.'** 
What  bo-       Under  his  first  genus,  Or.  Thomson  gives  hydrogen, 
ThomMQ    c^bon,  boroD,  silicum,  phosphorus,  sulphur,  arsenie,  and 
iiteiade*      tellurittm;  to  which  he  Adds  osmium  from  analogy. 
under  hit        Under  the  second  genus,  he  includes  the  following  bodies, 
i^^un^  divided  into  five  families.  1st  Family;  Potassium,  sodium, 
der  his  te-  calcium,  barium,  strontium,  magnesium.    Sd  Family;  Yt- 
eondgenat;.^^^^  glucinum,  aluminum,  zirconium,  thorinum.  3d  Fa- 

Sily;  Iron,  nickel,  cobalt,  manganese,  cerium,  uranium, 
h  Family;  Zinc,  lead,  tin,  copper,  bismuth,  mercury, 
silver.  5th  Family;  Gold,  jdatinum,  palladium,  rhodium, 
iridium. 
Md  what.  Under  the  third  genus,  he  gives  antimony,  chromium, 
^^  ^  molybdenum,  tungsten,  columbium,  titanium. 
Arrange-  In  my  arrangement  of  the  combustibles,  I  have  a  class  of 
^«^jn>t-  acidtfiable  combustibles.  But  the  definition  of  it  is  differ- 
aet  of  aeidi-  eut  from  that,  givcD  to  the  corresponding  class  by  Dr.  Thom- 

hH'^^r^?'  ^^°f  ^  ^^y  ^  ^^°  ^y  ^^^  table.  It  includes  such  com- 
^*'*  bttfltibles  as  form  acids,  and  in  no  case  salifiable  bases,  by 
unidag  with  ^ocygen*  Hydrogen,  therefore,  is  excluded  from 
it,  as  Siis  combustible  fonns  no  acid  with  oxygen;  and  is 
erected  into  a  separate  class,  for  reasons  which  will  be  given 
presently.  Silicum  is  excluded  also;  because  the  proofs  of 
Its  oxide  (silica)  being  an  acid  are  not  satislactory.  Tellu- 
rium is  excluded;  because  it  forms  a  compound  with  oxy- 
gen, which  performs  the  part  of  a  base,  as  weU  as  of  an  acid, 
llie  definitioa,  however,  whflie  *it  excludes  "^me  bodies  of 
Dr.  Thomson's  genus,  embraces  others,  nc.  iiiclnded  in  his. 
Thus  chromium,  molybdenum,  tungsten  and  columbium  are 
brought  in  here,  from  Dr.  Thomson^s  third  genus,  where 
they  are  called  bodies  capable  of  forming  with  oxygen  tm- 
perfect  acids;  because  tfiey  form  acids  with  oxygen,  but 
never  salifiable  bases.f 
whieh  eon-  The  acidifiaUe  combustibles,  as  just  enumerated,  form 
2^^^^®  the  second  class  of  combustibles  in  the  table.  The  first  con- 
taios  one  body  only,  and  that  is  hydrogen. 


t  Selenium  haa  beea  elaned  with  the  aeidifiable  eombuitiblea,  abce  the  abore 
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There  are  a  nomber  of  acids,  whidi  agree,  as  to  constit^-  Cha>.  iv. 
tioo,  in  DO  other  particular  than  in  containing  hydrogen.  These  xhe  first 
are  hydrochloric  (muriatic)  acid,  hydriodic  a^td,  hydrosul-  «!«>•  ^ 
phunc   acid   (sulphuretted   hydrogen),   hydroselenic   acid  ^^'ooiy !^ 
(selenuretted  hydrogen),  hydrotelluric  acid  (teUuretted  fay* 
drogen),  hydrofluoric  (fluoric)  acid,  and  hydrocyanic  (pnis- 
aic)  acid*  It  is  for  this  reason  that  I  have  put  hydrogen  in 
a  class  by  itself,  and  ventured  lo  call  it  an  acidifying  body* 
The  term  acidifying  ib  not  meant  to  convey  the  idea  of  any  vhieh  is 
exclusive  agency  of  the  hydrogen  in  the  production  of  the  ^!^  ^ 
acid  properties,  in  the  particukur  acids  above  mentioned;  but  eombiut^ 
it  is  used  as  being  convenient,  and  best  suited  to  express  ^^^ 
the  idea.  It  is,  certainly,  equally  admissible  with  the  term 
acadifiable;  since  an  active  participle  may  be  used  with  the 
same  propriety  as  the  passive  potentiaL 

Besides,  hydrogen  does  not  stand  well  idoog  side  of  the  Amnce- 
bodies,  with  which  Dr«  Thomson  has  associated  it  in  his  ^^^ 
first  genus*  Ezceptmg  hydrogen,  all  the  bodies  of  this  ge-ju»tified. 
nus  form  acMs  with  oxygen,  (assuming  Dr*  Thomsonls 
opinion  respecting  silicum),  and  agree  very  well  in  this  par- 
ticular* Hydrogen,  however,  forms  no  acid  with  oxygen; 
while  with  sulphur,  one  of  the  substances,  also  included  in 
die  genus,  it  forms  a  compound  having  acid  properties* 

T^kt  title  of  my  third  class  is  adopted  from  Dr.  Thomson;  Title  of 
but  by  intermediate  combustibles,  I  do  not  mean  the  same  ^f^^;^ 
thing  with  this  author.    He  understands  by  intermediate  tibies,  bor- 
combustibles,  such  bodies  as  form  ^  by  their  nnion  with  the  ?*^^'^™ 
supporters  of  combustion,  imperfect  acidJI,  or  substances^',  but  the 
intermediate  between  acids  and  alkalies*"  Under  the  accep-  term  inier- 
tation  in  which  the  term  is  here  taken,  it  designates  dmoe  i^„  ^«^* 
combustitbles,  which,  by  union  with  oxygen,  form  com-ne«Meep- 
pounds,  which  act  the  part  of  acids  and  of  bases,  in  differ-  ^*^* 
ent  cases  of  combination.  Hence  the  reason  that  dvomium, 
molybdenum,  tungsto^,  and  columbium  are  earned  into  the 
second  class  in  this  work;  since  the  oxides  of  these  bodies, 
which  enter  into  the  constitution  of  salts,  always  take  the 
part  of  acids,  and  in  no  case  of  salifiable  bases.  Titanium 
also  is  excluded  from  die  class  of  intemsefiUaMe  oombiisti*- 
bles,  where  Dr.  Thomson  has  placed  it;  as  not  answeriiig 
to  the  meaning  of  the  term,  as  here  adopted.  It  does  not,  in 
fact,  answer  to  its  meaning,  as  explained  by  Dr.  Thom- 
son himseU;  who  nowhere,  in  his  work,  ascribes,  to  its 
compounds  with  supporters,  acid  properties  of  any  kind;  or 
any  other  properties,  which  would  justify  the  belief,  that 
diey  are  substances  intermediate  between  acids  and  alkalies, 
tinder  the  particular  acceptation,  in  which  the  title  inter- 
mediate  combustibles  is  here  taken;  I  retain  but  one  body 
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Book  I.   placed  under  this  head  by  Dn  Thomson;  and  that  is  anti- 
DiTiMonl.  mony.  It  is  because  this  metal  forms  compounds  with  oxy- 
gen, one  of  which  performs  the  part  of  a  salifiable  base;  while 
the  others  (antimonious  and  antimonic  acids)  perform  the 
,  part  of  acids.  Tellurium,  which  was  excluded  from  Dr.  Thom- 

son's genus  of  acidifiable  combustibles,  is  inserted  here;  be- 
cause the  only  compound  which  it  forms  with  oxygen  is 
sometimes  an  acid  and  sometimes  a  salifiable  base*   The 
reader,  however,  will  observe  this  difference  between  anti- 
mony and  tellurium;  that  while  the  respective  offices  of 
acid  and  of  base  are  performed  by  different  oxides  of  anti- 
mony; both  these  offices  belong  to  the  only  oxide,  which 
tellurium  is  capable  of  forming. 
Two  bodies     Thus  it  is  perceived  that  the  class  of  intermediate  com- 
ed'under''^'  bustibles  is  made  to  embrace  but  two  bodies;  antimony  and 
the  title  of  tellurium.  It  is  placed  next  to  the  class  of  acidifiable  com- 
^atTeom-  .'^^'^tibles;  in  order  that  the  bodies,  which  it  embraces,  may 
buatibiet.    Stand  as  close  as  possible  to  the  acidifiable  metals,  to  which 

they  bear  a  very  close  analogy. 
Comboiti-       My  fourth  class  is  called  by  the  title  of  basifiable  com" 
b^cS*'     b^i^tibks.    It   corresponds    exacdy   with    Dr.   Thomson** 
derthe    '  second  genus,  as  far  as  the  definition  is  concerned.  But 
foorth  dan  besides  the  bodies  included  under  it  by  this  chemist;  I 
gi^^e.         have  added  silicum,  to  which  its  old  position  is  given; 
osmium,  because  the  force  of  analogy  is  not  sufficiently 
strong  to  justify  its  position  among  the  acidifiable  combus- 
tibles; and  tiunium,  for  the  reasons  which  excluded  it  from 
the  class  of  intermediate  combustibles. 

I  do  not  retain  the  families  into  which  Dr.  Thomson  has 
divided  this  class;   because   they  have   no  well  marked 
ThitelaM   characters^  except  the  first  and  second.  The  class  is  divided, 
fk^^  '"^  in  the  present  work,  into  three  sub-classes:  the  first  sub-class 
eianet.       embraces  alkalifiable  combustibles;*  the  second,  combusti- 
bles formiog  earthy  salifiable  bases;  and  the  third,  combus- 
tibles forming  salifiable  bases,  having  neither  alkaline  nor 
earthy  properties. 

Thus  I  have  given  the  reasons,  which  induced  me  to 
modify  Dr.  Thomson's  arrangement  of  the  undecompounded 
ponderable  bodies.  Indeed,  I  have  taken  so  many  liberties 
with  it,  as  to  change  almost  entirely  its  aspect;  and,  while 
the  arrangement  of  the  present  work  bears  resemblance  to 
it,  in  some  respects;  in  others,  it  is  totally  different.  It  is 
confessedly  founded  upon  die  arrangement  of  Dr.  Thom- 


*  This  rab-elasi  contains  Iithitiro»  in  addition  to  Uie  bo<Iie8  included  under  it  br 
Dr.  Thomson.  Lithium  was  not  known  when  the  last  edition  oT  this  ehemiat's. 
vork  vas  put  to  press. 


ABRAKGBUEIIT  OT  THB  tmDBOOlCPOUKDBD  BODIBB.  J^g 

son;  and  when  I  first  undertook  to  prepare  thi^  volttme,  Obmm.iy. 
from  materiala,  drawn^  piincipaily^  from  hit  copioui  work,  ' 
I  had  not  conceived  the  design  of  altering  it.  But  in  my 
progress  there  appeared  to  be  several  alterations  which 
could  be  made  with  advantage.  These,  however,  were  not 
made  hastily;  for  I  gave  every  point  very  scrupulous  atten- 
tion, in  order  to  see  whether  further  investigation  would 
destroy  my  first  impressions;  and,  not  till  after  I  was  unable 
to  convince  myself  that  I  was  wrong,  did  I  adopt  the  mo- 
difications. 

I  should  not  have  employed  so  much  time  in  giving  the 
preceding  account  of  the  arrangement,  which  I  have  adopt- 
ed; but  that  I  have  attempted  to  substitute  something,  in 
many  respects  my  own,  for  what  has  received  the  approba* 
tion  of  a  respectable  portion  of  the  chemists  of  the  day. 
Unknown  as  I  am  in  chemistry,  my  suggestions  in  the 
scientific  arrangement  of  its  objects  can  have  no  weight  of 
authority;  but  must  stand  upon  their  intrinsic  merits,  and 
depend,  for  their  adoption,  upon  the  exhibition  of  satisfac- 
tory reasons. 

After   all   the   attention    I   have   bestowed    upon    the  Pronineat 
arrangement  of  chemical  bodies,  I  freely  acknowledge,  that,  *^*®** '^ 
in  several  respects,'  the  one  which  is  adopted  is  far  from  nrngement 
being  satisfactory.  In  the  first  place,  it  is  not  probable  that  «*  adopted. 
the  phenomena,  attendant  on  combustion,  will  long  continue 
to  afford  a  convenient  basis,  upon  which  to  erect  the  primary 
divisions  of  chemical  bodies.    Already  is  the  class  of  sup- 
porters swelled  to  four  by  the  addition  of  bodies,  which  do 
not  stand  well  associated  with  oxygen;  and  yet  it  does  not 
contain  all  the  bodies  which  legitimately   belong  to   it. 
Potassium,  sulphur  and  phosphorus  are  as  fully  entitled  to 
be  called  supporters  as  iodine  or  fluorine;  because,  in  some 
of    their  combinations  with  bodies    not   supporters,   the 
chemical  action  is  so  intense  as  to  produce  both  sensible 
light  and  heat.  Thus  it  is  perceived,  that,  under  the  definition 
of  a  supporter,  bodies,  in  many  respects  dissimilar,  would  be 
unnaturally  grouped  together,  and  the  end  of  scientific  ar- 
rangement thereby  defeated. 

Again,  all  the  substances,  which  are  arranged  under  the 
tide  of  combustibles,  forming  salifiable  bases,  with  oxygen, 
having  neither  alkaline  nor  earthy  properties,  in  strict  pro- 
priety do  not  belong  here.  Without  doubt,  the  oxides  of 
cerium,  of  uranium,  of  titanium,  and  of  some  other  metals 
arranged  here,  are  as  perfect  earths  as  yttria,  glucina, 
or  any  of  the  other  bodies,  which  have  generally  been  de- 
nominated earths.   Hence  there  is  no  reason  why  these 
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fBooK  I.    metals  should  not  be  classed  along  wiA  the  basifiable  com- 
Vinama  1.  bogtibles,  forming  earthy  bases  with  oxygen* 


Having  thus  finished  the  account  of  the  arrangement  of 
the  undecompounded  ponderable  bodies,  pursued  in  this 
work;  it  may  not  be  without  its  use  to  recapitulate,  in  tables^ 
their  more  important  properties. 
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TABLE  } 

Of  4h$  Spetijk  €Hwnim^m  fitr  0$  thsf  an  ImotcHi  of  the  ^ 
Vndte»mfQiimiei  PonierabU  Bodies,  gwen  in  the 
order  of  their  relative  amounts. 


Compared  wUh  air  at  unity, 
1.  R^dNgen  O-OTAi 

8.  Asote  0<978 

3.  Oxygen  1 108 

4.  ChloHne  S^TOO 

CtmpQted  wM  water  a»  writgi 

5.  PoUsaiam  0-865 
«.  Sodiam  0-979 

7.  MagMrfiim  I  '>■ 

8.  Pboiphorui  1770 

9.  Boroo  1<844 
10.  Solpbor                  1-990 

CohMWMl  0*4jkl 

Cdiamood  3'5 


ILCtttei 


IS.  Bhriom 
tA.  StfMtittm 
14  Seleniam 

15.  Iodine 

16.  CdamUMB 

17.  Chromiaa 

18.  Tellurium 

19.  Anoniony 


4-5  ectlibilted. 

4-9 

4-6 

4-948 

5-61 

5-99. 

Alls 


Compared  with 
«).  Zine 
SI.  Xm 
S3.  Iron 
Sd.  MangKneie 
S4wUmiiu«i 
S5.  Arsenie 
S6  Nickel 
87.  Cobiilt 

58.  MohrbdMran 

59.  Copper 
SO.  Bismuth 
31.  Silw 

55.  Ithodiuia 
Sd.  Lead 
d4.pyiMfiiaa 
$5,  Mireuiy 

56.  Tongiten 
ST.  Indiam       t 

38.  Gold 

39.  PUdnum 


water  a$  a  unity. 
6  861 
7*991 

7*7     mediam. 
8-013 
8-10O 
831 
8-40S 
8*53 

.  9  6U  BpfMf . 

8  895 

9-82S    ' 
10*474 
10  649 
11-35S 

11*55  .jftiBnw. 
13-568 
17-4 

18*96  medRuik 
193 
«1*47 
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.  .' 
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The  undeoompounded  bodieft^  whose  8|)ecific  gnvitieft 
have  not  as  yet  been  aseeitittied,  are  Auorine,  Kthium, 
cakium,  yttrium,  gluchmm^  aluminuiiii^  zyrcoaium,  thori-' 
iiiiniy  siKcum,  ceriiun,  oamiom,  and  tkanmm. 


CHAPTER  V. 


SKETCH  OF  THE  ATOBflC  THEOBT  OF  CHEMICAL 

COMBINATION. 

At  this  etage  in  the  progress  of  the  present  work,  it  ap-  Objeet  of 
pears  ta  be  most  expedient  to  introduce  to  the  notice  ^^^^JS 
the  reader,  the  leading  facts  known  respecting  the  propor-  * 

tions  and  the  manner  in  which  bodies  unite  diemicdly. 

For  the  purpose  of  illustration,  a  set  of  bodies  will  be 
selected;  and  the  quantities  in  which  each  of  them  combines 
widi  oxygen  and  hydrogen,  both  taken  at  unity,  will  be 
noted* 
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Bo  OK  I     ^^  ^'^  ^  r  ^*^  ^'^  ^  ehlorioe,       fonning  protodde  of  chlariae. 

DiYiiionl      Oxywjn'    I    -75  —  carbon,  carbooic  oxide. 

'     oombinet  |  I  5    — —  phoqihonii,  — —  pboiphoroiu  aeid.* 

SUtement     ^»t*»  L    *•  mlphar,  ■         hypotulphunmi  add. 

of  ohemical 

prapor-       Ono  part  of  T  4*5   f  t  or  56  p«rU  of  diloriiM,  Sanmvf  bydroeUorie  mU. 

^     -  Ujdrogen  J  .-75  + 8  or    6  —  carbon  ■    bydrogqret  of  carbon. 

combiocy   I  *'^   **" '  ^  **  '  ■         phoaphonii  —  bydroguretof  phoaphomi* 
with  L    S  +  8  or  16  ——  sulphur       -— ^  hydroaalpharic  acid. 


Dedactioa  From  the  above  statement,  it  muat  be  evident,  that  what- 
from  thb  ever  quantity  of  chlorine,  carbon,  phosphorus  or  sulphur, 
tutemeot;  ^.Qjjijjjugg  with  a  givei)  quantity  of  oxygen;  eight  times  such 

quantity  unites  with  the  same  amount  of  hydrogen, 
vhieh  It  on-     The  proposition,  however,  as  just  stated,  is  only  true  of 
Jr  ^'JJ^^n  ^^^  compounds  spoken  of,  when  their  constituents  combine 
circamaun-  in  the  simplest  proportions*  But  when  one  body  combines 
*^  with  another  in  more  than  one  simple  proportion;  every  new 

proportion  is  some  multiple  of  the  first* 
Propoiitkm      Now,  the  proposition  just  made,  with  respect  to  oxygen 
^««^      and  hydrogen,  is  not  only  true  with  regard  to  their  combijaa- 
ment  given,  tions  With  chlorine,  carbon,  phosphorus  and  sulphur;  but  also 
oniTeruiiy  ^ith  regard  to  thosie  compounds,  which  they  form  with  all 
bolilet^nitc  ^^huT  substaoces;  at  least  as  far  as  such  compounds  have 
in  the  am-  been  carefuHy  investigated.  So  that  it  mav  be  stated  as  uni^ 
portiwdir    versally  true,  that  the  quantities  in  which  bodies  combine, 
chemically,  with  any  one  body,  in  the  simplest  proportion, 
are  invariably  proportional -to  Che  quantities  in  which  the 
same  bodies  combiiH,  with  any  other  body* 
PropoMon      It  is  further. found,  that  when  two  bodi^  s,  a  and  &,  combine 
eztendedi    ^|^  ^  third  c^.by  wbaljever  midtiple.the  quantity  in  which 
c  combines  with  ^,  exceeds  the  quantity  in  which  c  com- 
bines with  a;  then,  in  the  combination  of  a  and  £,  by  the* 
same  multiple  will  the  quantity  a  exceed  the  quantity  6* 
Ulnatnitod   For  example:  both  oxygen  and  hydrogen  combine  with  chlo- 

smpteT*"  ^^^^*  ^  P*^  ^^  oxygen  with  4*5  of  chlorine;  1  part  of  hy- 
drogen with  36  of  chlorine.  Now  36  is  8  times  4*5;  there- 
fore the  quantity  in  which  chlorine  combines  with  hydro- 
gen, exceeds  that  in  which  it  combines  with  oxygen,  by  the 
multiple  8*  But  one  part  of  oxygen  combines  with  the  eighth 
part  of  one  of  hydrogen  or  0*125;  therefore  by  the  same 
multiple,  by  which  the  quantity  of  chlorine  combining  with 
hydrogen,  exceeds  the  quantity  of  the  same  body  uniting 

*  The  oompotition  of  all  the  ehemieal  compoonda,  which  are  aeleeted»  for  Uie 
parpoie  of  illntti'atiaB  in  thia  chapter,  wiH  not  be  fonnd  in  the  preceding  part  of 
thift  volume.  U  would  not  be  eaay  to  give  even  a  toler:.blT  clear  account  of  the 
atonie  theory,  if  the  illoatrations  were  drawn  only  from  the  compoandi  alreadr 
deaeribed.  The  rader  is,  therefore,  reqiieated  to  take  for  granted  the  oompon- 
tlont,  with  which  he  findt  himself  not  previously  acquainted^  and  which  are  only 
anticipated  from  the  necessity  of  the  case. 
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widi  oxygen;  does  the  quantity  of  oxygen  exceed  the  quan-  CgxF.v. 
tity  of  hydrogen  in  the  combinatsoii  of  oxygen  and  hy- 
drogcn* 

Now  the  reader  will  bear  in  mind,  that  what  is  here  said 
of  oxygen^  hydrogen,  and  chlorine,  applies  to  all  other 
bodies,  whose  combinations  have  been  accurately  ascer- 
tained. 

If  the  question  be  asked,  why  hydrogen  combines  widi 
8  times  as  much  of  any  body  as  oxygen  does;  the  probable 
explanation  may  occur  to  the  reader,  if  he  advert  to  the 
fact,  that,  in  the  compound  formed  by.  these  two  bodies,  the 
hydrogen  constitutes  ^ch  only  of  the  amount  of  the  ox>'gen; 
and  he  may  say,  that  as  the  hydrogen  is  assumed  as  one, 
which  is  8  times  greater  than  its  proportional  equivalent, 
compared  with  that  of  oxygen  taken  at  unity  alno;  then  in 
that  relative  amount,  it  combines  with  8  times  as  much  of 
another  body  as  oxygen  docs.  But  if  taken  at  its  simple 
equivsdent,  which  is  one-eighth  of  1,  or  0*125;  then  that 
quantity  of  hydrogen  combines  exacdy  with  the  same  quan- 
tity of  any  oilier  body,  as  1  of  oxygen  does:  or,  to  express 
the  same  thing  without  a  decimal,  1  part  of  hydrogen  com« 
bines  with  the  same  quantity  of  any  other  body,  as  8 
parts  of  oxygen  do. 

The  law  of.  combination,  last  stated,  holds  good  widi  re- 
gard to  all  compounds,  whose  constituents  unite  in  simple 
proportions.  So  that,  if  the  chemist  should  find  that  the  sim- 
plest combination  of  hydrogen  and  sulphur  contained  1  part 
of  the  former  and  16  of  the  latter;  he  would  be  able  to 
infer,  that  the  same  quantity  of  any  body,  which  combines, 
simply,  with  1  part  of  hydrogen,  will  unite,  in  the  same 
manner,  with  16  parts  of  sulphur. 

The  reader  has  now  been  made  acquainted  with  several  re-  The  i<m1- 
markable  coincidences  in  the  proportional  numbers,  in  which  'r^J''^^' 
chemical  bodies  combine:  it  is  natural  for  him  to  inquirp,.ing todei* 
upon  what  peculiarities  in  the  manner  of  their  combination  »>>«  ehcmi- 
do  these  depend?  SSS'ST' 

The  explanation  of  this  point  cannot  be  made  to  rest  now  ttated; 
upon  absolute  proof;  but  upon  a  train  of  reasonings  so  ex-**^^ 
act  in  all  its  parts,  as  to  make  it  almost  universally^  ad- 
mitted. 

If  it  be  supposed,  that,  when  two  bodies  unite  chemically, 
it  is  either  a  union  of  1  atom  of  one  of  them,  with  1  atom 
of  the  other;  or  1  atom  of  one,  with  2  atoms  of  the  other; 
or  2  atoms  of  one  with  3  atoms  of  the  other,  and  so  on  for 
any  number  of  atoms;  then  it  will  follow,  that,  in  any  com- 
pound, whose  constituents,  there  is  reason  to  believe,  unite 
atom  with  atom,  the  relative  weights  of  such  atoms  must 
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BookL   be  pn>(Kirtiooal  ux  tbe  rrlative  weights  of  the  constitiieiiti 

BifiMonL  themaelveft.  Thus  if  oxygen  and  hydrogen  be  supposed  to 

unite  one  atom  with  one  atom,  when  they  combine  to  fonn 

water;  then  since   the  weight  of  the  hydvogetf  is  to  the 

weight  of  the  oxygen  as  1  to  6;  therefore,  if  the  weight  of 

an  atom  of  hydrogen  be  atsunsed  as  1,  the  weight  of  an 

atom  of  oxygen  will  be  8. 

the  oMor-       Now,  if  it  be  reasonable,  in  the  nature  of  things,  to 

renoe  of     suppose  that  bodies  unite- atom  to  atom;  and  if,  upon  assum- 

Bite  pro.    iQg  tbe  supposition  as  true,  it  be  found  that  the  proportions, 

portioDs     in  which  the  constituents  of  the  bodies  most  familiar  to  the 

oouoted'^,  chemist  combine,  tally  exactly  widi  it;  is  not  the  iconclu- 

mostMtU-  sion  almost  irresistible,  that  such  supposition  is  not  only 

•uppSlmR  ^  reasonable,  but  absolutely,  true,  in  the  nature  of  things. 

that  bodies       If  it  be  asked,  what  data  the  chemist  has  for  supposing 

ch^m^caiiy  **'  hydrogtn  and  oxygen  unite  atom  with  att>n,  and  not  in 

hy  atoms,    any  Other  atomical  proponion;  the  answer  is  that  hydrogen 

which  iiave  and  oxygen  combine  in  one  known  propoition  only;  and 

dmerent       ^i_^«^:  iiii  i         **         .  /•'.. 

weights.      ^^^  1^  IS  liot  procMible  that  any  other  proportioo  of  combt*- 

nation  will  hereafter  be  discovered.  Accordingly  it  is  rea^ 

aonable  to  suppose  that,,  if  hydrogen  and  oxygen  unite  ato»- 

micallv,  they  combine  atom  with  atom.    Upon  any  other 

supposition,  it  would  become  necessary  to  consider  the  oi^ 

compound  of  oxygen  and  hydrogen  kiK>wn,  as  one  in  which 

the  constituents  unite  in  unequal  numbers  of  atoms. 

The  suppo-     The  reader,  it  is  believed,  will  be  ready  to  idlow,  there- 

tt^na-    ^^^^  ^^  ^  hydroigen  and  oxygen  unite  atonucally,  the 

tion  bj       union  takes  place  atom  with  atom;  and  if  so,  that,  taking 

ramed*^  the  Weight  of  an  atom  of  hydrogen  as  1,  the  weight  of  an 

ihdr  '       atom  of  oxygen  will  be  8. 

?i^^  ^^       '^^  supposition  of  atomic  combination  will  now  be  made 

bedtes  dL   ^>^  regard  to  several  other  compounds;  and  first  to  hydro- 

4med  from  chloric  (muriatic)  acid*  This  acid  is  composed  of  1  part  of 

^2^^       hydrogen  united  to  36  parts  of  chlorine*  Now  supposing  its 

constituents  united  atom  with  atom;  the  weight  of  an  atom 

of  hydrogen  being  taken  as  1,  the  weight  of  an  atom  of 

chloriae  will  be  36. 

Hydriodic  acid  is  composed  of  1  part  of  hydrogen,  united 
to  125  parts  of  iodine.  Now  if  thb  be  a  compound,  in  which 
the  constituents  unite  one  atom  with  one  atom;  then  the 
rehitive  weight  of  an  atom  of  iodine  will  be  125* 

Hydrosulphuric  acid  (sulphuretted  hydrogen)  is  com^ 
posed  of  1  part  of  hydrogen,  united  to  16  parts  of  sulphur. 
Supposing  this  to  be  a  combination  of  one  atom  with  one 
atom  also;  then  the  rdative  weight  of  an  atom  of  aulphor 
will  be  16. 

Thus,  taking  the  weight  of  an  atom  of  hydrogen  aa  one  (and 
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vaaty  will  always  be  aaaumed  to  espresa  the  afeon  of  this  Ciap.  V. 
body)  then  the  relative  weight  of  the  atom 

Of  Chlorine  will  be  ^5 

Of  Iodine  135 

Of  Sulphur  16—418  deduced  from 

the  composition  of  the  three  acids  just  mentioned. 

The  relative  weights  of  the  atoms  of  these  same  bodies 
will  now  be  deduced  from  their  combinations  with  oxygen. 
Oxygen  combines  in  four  proportions  with  chlorine.  The 
compounds  formed  are  composed  as  follows: 

1.  Protoxide  of  chlorine,  of  8  oxygen  +  96  chlorine. 

2.  Deutoxide  of  chlorine,  of        3S  ■  +  36  — — — 

3.  Chloric  acid,  of  40     — —  +  i6  — — 

4.  Oxychloric  (perchloric)  acid,  56     —  +  36  — — 

Now  as  the  protoxide  of  chlorine  is  the  particular  combi- 
nation, between  oxygen  and  chlorine,  in  which  the  constitu- 
ents combine  atom  with  atom,  for  reasons  of  general  applica- 
tion, which  will  be  given  hereafter;  the  relative  weight 
of  an  atom  of  chlorine  roust  be  deduced  from  this  oxide: 
and  it  is  perceived,  that  it  turns  out  to  be  the  same,  as 
when  deduced  from  the  combination  of  this  same  suppor- 
ter with  hydrogen. 

It  is  also  perceived,  that  the  deutoxide  contains  4  times, 
chloric  acid,  5  times,  and  oxychloric  (perchloric)  acid,  T 
times  as  much  oxygen,  combined  with  the  same  quantity  of 
chl<Mine,  as  the  protoxide.  Here  then  the  chemist  infers 
that  these  compounds  are  composed  of  1  atom  of  chlorine, 
combined  respectively  with  4  atoms,  with  5  atoms,  and  with 
f  atoms  of  oxygen. 

Iodic  acid  is  the  only  compound  formed  between  iodine 
and  oxygen;  it  is  composed  of 

8  oxygen  +    25  iodine;  or,  which  is  the  same 
thing,  of  40  -I-  125  

From  the  above  numbers,  it  is  necessary  to  infer|  either, 
that  the  atom  of  iodine  is  rated  5  times  too  high,  as  deduc- 
ed from  its  combination  with  hydrogen;  or  that  the  com- 
pound in  question  contains  five  atoms  of  oxygen.  The  lat* 
ter  inference  is  by  far  the  most  probable;  since  the  weight 
of  an  atom  of  iodine,  deduced  from  a  number  of  its  com* 

Iounds,  turns  out  to  be  the  same  a9  when  calculated  fron^ 
ydrogen. 

Oxygen  forms  with  sulphur  three  compoimdai  which  ar6 
composed  as  follows: 

1.  Hyposulphurous  acid  of   8  oxygen  +  16  sulphur* 

2.  Sulphurous  acid  of  16  -—     +16 

3.  Sulphuric  acid  of  24  — *-     +16 
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Book  L  Supposing  hyposulphurous  acid  to  be  the  particular  com*^ 
DiyiwopL  pound  of  the  three,  in  which  the  constituents  are  united  in 
the  simplest  atomic  manner;  then  it  is  obvious  that  the 
weight  of  the  atom  of  sulphur  will  be  16,  the  same  number 
assigned  for  it,  from  the  consideration  of  its  combination 
with  hydrogen*  It  is  also  obvious,  from  the  foregoing  state- 
ment, that  sulphurous  acid  contains  two,  and  sulphuric 
acid,  three  atoms  of  osygen,  united  with  one  atom  of  sul- 
phur. 
Thete  The  fair  conclusion  to  be  drawn  from  the  above  state* 

d^aeed,*^  ments  is,  that  the  same  relative  weights,  for  the  atoms  of 
torn  out  to  chlorine,  iodine,  and  sulphur,  are  deducible  from  the 
^^J**"®  combinations  of  these  bodies,  with  either  hydrogen  or  oxy- 
aame  body.  gen« 

If  then,  there  is  good  reason  to  believe  that  the  rela- 
tive weights,  of  the  atoms  of  chlorine,  iodine  and  sulphur 
are  correcdy  stated  at  36,  125,  and  16  respectively;  it  may 
be  matter  worthy  of  inquiry,  what  relative  weights  would 
be  assigned  to  these  same  bodies  by  the  consideration 
of  the  combinations  formed  between  themselves*  These 
combinations  are  chloriodic  acid,  chloride  of  sulphur,  and 
iodide  of  sulphur.  One  only  of  these  substances  has  been 
accurately  analyzed;  and  the  proportion,  in  which  its  con- 
stituents combine,  confirms  the  statement  above  given* 
Thus  chloride  of  sulphur  is  composed  of  36  parts  of  chlo* 
rine  united  to  16  parts' of  sulphur.  Chloriodic  acid  and 
iodide  of  sulphur  aflPord  no  data;  as  their  composiuon  is 
not  correctly  known. 

In  the  foregoing  observations,  the  reader  has  been  told 
that  bodies  probably  combine  by  atoms:  and  that  when- 
ever there  is  good  reason  to  believe  that  the  constituents  of 
any  body  combine  one  atom  with  one  atom;  then  the  num- 
bers which  express  the  relative  weights  of  such  constitu* 
Howaoom-ents,  represent  also  the  relative  weights  of  their  atoms.  But, 
binatioD  in  it  may  be  asked,  what  are  the  indications   which  make  it 
pn^orSm  probable,  when  several  different  compounds  are  formed 
,iitobe       from  the  same  constituents  combining  in  different  propor- 
^"*^'*'       tions,  that  some  one  of  them  is  formed  by  the  union  of  one 
atom  with  one  atom;  and  not  by  the  union  of  an  unequal 
number  of  atoms. 

To  illustrate  this  question,  it  will  be  convenient  to  ad- 
duce an  instance,  in  which  a  number  of  compounds  are 
formed  from  the  same  constituents,  united  in  diflFerent  pro* 
portions;  and  to  consider  them  with  the  view  to  determine, 
in  which  of  thcxa  the  constituents  unite  in  the  simplest  pro- 
portion, or  one  atoni  with  one  atom. 
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Thus  the  Cbap.  V. 

Protoxide  of  azote  is  composed  of  14  azote  +    8  oxygeA*    " 

Deutoxide  of  azote 14'  +  16 

Hyponitrous  acid 14  +24 

Nitrous  acid •     •   14  +32 

Nitric  acid 14  +'40 

or  the 
'  Protoxide  of  azote  is  composed  of  40  oxygen  +  70  azote. 
Deutoxide  of  azote    •     •     •     •     •  40  +35 

Hyponitrous  acid  ••••••  40  +23*3 

Nitrous  acid 40  +17*5 

Nitric  acid 40  +14 

If  it  be  supposed  that  nitric  acid  is  a  compound  of  one 
atom  of  oxygen  and  one  of  azote;  then  it  is  seen,  by  the  last 
statement  of  those  just  given,  that  nitrous  acid  will  be 
made  to  be  a  compound  of  one  atom  of  oxygen,  and  one  atom 
and  a  fraction  of  azote;  or  if  the  azote  be  taken  at  the  same 
number  in  both  these  acids,  then  the  latter  will  be  made  a 
compound  of  one  atom  of  azote,  and  a  fraction  of  an  atom 
of  oxygen.  Now  neither  of  these  suppositions  is  tenable, 
consistently  with  the  nature  of  an  atom. 

If  it  be  supposed,  that  the  protoxide  of  azote  is  a  compound 
of  one  atom  of  azote,  and  one  atom  of  oxygen;  then  the  deu« 
toxide  is  either  a  compound  of  one  atom  of  oxygen  and  half  an 
atom  of  azote,  or  of  two  atoms  of  oxygen  and  one  atom  of 
azote;  as  will  be  seen  most  clearly  by  the  statement  last  given. 
Now  the  last  supposition  may  be  held  consistently  with  the 
atomic  theory;  and  therefore  there  is  nothing  in  the  suppo- 
sition that  the  constituents  of  the  protoxide  unite  atom  with 
atom,  which  is  inconsistent  with  an  atomic  composition  for 
the  deutoxide.  But  it  is  necessary  that  no  atomic  inconsis- 
tency should  exist  upon  viewing  the  other  compounds  of 
azote  and  oxygen;  otherwise  the  atomic  assumption  alrea- 
dy made  would  be  untenable.  Now  it  is  seen  by  the  first 
statement,  that,  without  atomic  inconsistency,  hyponitrous 
acid  may  be  considered  a  compound  of  1  atom  of  azote, 
united  to  3  atoms  of  oxygen;  nitrous  acid,  of  1  atom  of 
azote,  united  to  4  atoms  of  oxygen;  and  nitric  acid,  of  1 
atom  of  azote  united  to  5  atoms  of  oxygen.  It  may,  indeed, 
be  said  that  the  deutoxide  of  azote  is  a  compound  of  1  atom 
of  oxygen,  united  to  1  atom  of  azote;  and  that  the  protox- 
ide is  composed  of  1  atom  of  oxygen  united  to  2  atoms  of 
azote;  and  as  far  as  this  supposition  goes,  there  would  no 
atomic  inconsistency  in  it.  But  when  the  same  atomic  sup- 
position is  attempted  to  be  applied  to  the  other  compounds 
of  azote,  it  will  be  found  entirely  to  f^il;  as  it  wiD  make 
a  resort  to  a  fcactional  atom  unavoidably  necessary. 

T 
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Book  l        It  IS  difficult  to  give  a  concise  rule,  for  determining  when 
DivMioni.  ^i  cooibinatioa  takes  place  in  the  simplest  proportion,  or  one 
atom  of  one  constituent  with  one  atom  of  the  other;  but  it 
may  be  stated  in  general  terms,  that  the  particular  combi- 
nation between  any  two  substances,  uniting  in  several  pro* 
portions,  is  the  simplest,  of  either  of  the  constituents  of 
which,  the  same  constituent,  in  every  other  compound  of  the 
same  ingredients,  may  be  some  exact  multiple. 
What  has       The  facts  and  reasonings,  upon  which  the  atomic  theory 
Jj^V^^^' rests,  are  too  diversified  to  allow  a  full  enumeration  of 
enable  anj  them  to  be  made  in  this  place.  All  that  is  intended  by  the 
^^.^""[j.**  imperfect  sketch,  which  has  just  been  completed  of  this 
Sthrtrath  theory,  is  to  enable  the  student,  by  means  of  the  oudine 
OT  faiaity  of  given^  to  test  its  accuracy,  by  pursuing  the  subject  in  all 

ttewy^™**  its  ramifications. 

lliis  may  very  easily  be  done  by  any  one,  who  will  take 
the  trouble  of  examining  any  compound  already  described^ 
the  composition  of  which  is  ascertained  with  tolerable  ac* 
curacy*    The  numbers  in  all  the  analyses,  already  given, 
are  made  to  accord  with  the  atomic  theory,  as  far  as  the 
results  of  actual  experiments  would  warrant.    The  weights 
of  the  atoms  are  all  compared  with  the  weight  of  an  atom 
of  hydrogen;  which  is  assumed  as  unity  in  conformity  with 
Mr.  Dalton's  plan.    Every  analysis,  which  was  found  not 
to  accord  with  any  supposition  of  atomic  combination,  is 
distinguished  by  an  asterisk..    But  in  all  such  cases,  the 
equivalent  number  of  the  substance,  under  which  the  analy- 
sis is  given,  is  assumed;  whilst  the  amount  of  the  body, 
with  which  it  may  combine,  is  calculated  proportionally. 
Reaaonsfor     It  may  appear  strange  to  the  reader,  that  he  is  introduced 
fa!^"ff!d*    ^  ^  knowledge  of  the  atomic  theory,  for  the  first  time,  at 
the  atomio  ^  period  when  the  work  has  considerably  progressed;   and 
theory  at    that  he  has  been  studying  numbers  adjusted  in  conform!^ 
Uie  praieDt  ^^^^  ^  theOry,  about  which  he  should  be  presumed  to  know 
work.        nothing.    But  the  object  of  this  coarse  is  easily  explained. 
The  student  could  not,  with  any  prospect  of  advantage,  have 
been  made  acquainted  with  the  atomic  theory  at  the  very 
threshold  of  his  inquiries.    He  is  then  presumed  to  know 
very  little  of  chemical  science;  and  consequently,  not  to  be 
in  possession  of  the  data,  without  which,  it  would  be  im- 
possible for  him  to  understand  the  subject.    But,  after  he 
had  been  made  acquainted  with  these  data  to  a  sufficient 
extent,  by  pursuing  part  of  the  work;  it  became  expedient 
to  bring  forward  the  theory,  in  order  that  the  remainder 
might  derive  every  possible  advantage  from  its  application* 
Nothing  as  yet  has  been  said  of  d^e  rise  and  progress  of 
the  theory,  which  has  just  been  attempted  to  be  described* 
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It  apptavB  to  be  generally  admitted,  that  the  id^a  of  bodies  c«a>«  y. 
imidng  chemieaily  by  particlea  or  atoma,  waa  firat  auggeat*  idea  of    ^ 
ed  by  Higgina  in  1789*  Many  facta  nrspectiog  definite  pro*  «ombhia- 
porttona  were  afterwarda  aacertained  by  Dr.  J*  B.  Ricbter,  iJ^n^^rii 
between  the  yeara  1792  and  1802*  It  waa  tbia  cbemiat,  who  nm*ted 
discovered,  that,  upon  the  decomposition  of  neutnd  salts,  ^ijiff^ 
the  lesolting  salta  preserved  a  neutral  state  also;  and,  fur- 
ther, that  whatever  quantities  of  the  acids  were  found  to  sa* 
tnrate  any  particular  salifiable  base,  proportionate  quanti- 
ties would  saturate  every  other  base;  and  conversely,  what- 
ever quantities  of  salifiable  bases  were  sufficient  to  saturate 
any  particular  acid,  proportionate  quantities  would  saturate 
every  other  acid*   These  facts  led  very  directly  to  the  sup* 

B»sition  of  atomic  combination;  but  it  does  not  appear  that 
r*  Richter  drew  any  conclusion  from  them  of  this  kind. 
It  was  reserved  for  Mr.  Dalton  to  put  fiorth  the  atomic  Daiton, 
theory,  supported  by  such  evidences  as  to  render  it  almost  ^"gt  b^^^. 
universally  admitted*  This  chemist,  who  may  be  considered  tidemiithe 
the  author  of  the  theory,  aa  early  as  the  year  1802,  began  to  JJ*jJ,J"^ 
perceive  many  facts,  which  led  to  the  supposition  of  defi-  qim  theofy. 
nite  proportions,  and  atomic  combination;  and,  in  successive 
years,  the  theory  has  been  gradually  matured,  so  that,  at  the 
present  time,  it  wears  every  appearance  of  truth;  and,  from 
ita  tendency  to  establish  fixed  relations  between  the  numbers, 
expressive  of  chemical  combination,  may  be  justly  reckoned 
one  of  the  most  important  discoveries  yet  made  in  chemistry. 

Having  thus  finished  the  account  of  the  atomic  theory,  W«g:ku  qC 
the   reader  may   be  presented,   with  advantage,  with   the  ^  yJI,^ 
weights  of  the  atoms  of  each  of  the  undecompounded  pon-  dwm- 
derable  bodies,  as  far  as  they  have  been  ascertained.  pounded 

Statement  of  ihe  weight  of  the  Mm  of  eadt  of  efts  Undecom-  Sodief!^ 

fowmd  Ponderable  Bodies.^ 

35.  Ifugtttse  SS^ 

36.  Cerivm  — - 

37.  Untiuum 
3S.  Zine 

.     ,  40.  Tio 
44*1  41.  Copper 
18*   4S.  Bismud 


8 

as 

195 

14 
1 
6 


1.  Oxygen 
8.0UariQe 

3.  Iodine 

4.  Fluorine 

5.  Asote 

7.  Carbon 

S.  Boron  -«« 

9.  PJMMpbwqi  19 

10.  Salphnr  16 

11.  Araenie  47*1 
la.  ChfOBUiMi  98^ 

13.  Molybdenom  46* 

14.  Tnnnten  96* 
U.  Colnmbkim  146* 
16w8eleniHm  40* 
17.  Antimony  45* 


IS.  Tellurium 
19  V0t$mmm 

50.  Sodiom 

51.  Lithiam 

89.  Calcium 
93.  BiM^uin 

84.  Strontiom 

85.  Magoesiom 

86.  Yttiiajn 

87.  Glacinam 
88  Alummttm 

90.  Zireoniiiiii 
30.  Thorinnin 
81.  Silieum 
38.  Iran 

33.  Nickel 

34.  Cobalt 


88* 

40 

84 

10* 

91* 

70* 


8* 

98 
87 
89 


ismutii 

43.  Meromr 

44.  Silver 
4^.  Gold 

4£   itAtinnm 

47!  PalMlnm 
48.  Rhodiam 
49.Mctiaii| 

50.  Oainiom 

51.  Titaniam 


185* 
SS 

104 
59 
64 
71* 

900 

110 

900* 


56* 


*  i41  tbe  pfuaton in 4be  taWe  aannot  be4ed<i««d  framanalyiet  atoc«4r  ^ 
but  they  will  be  confirmed  bj  compo|itioQf|  which  will  be  laid  before  the  reader 
daring  the  prosreta  of  the  work. 
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Bmk  I.       The  veight  of  the  atom  of  those  substances,  whose  cor^ 
DWiikmlL  relative  number  is  distinguished  by  an  asterisk  in  the  pre« 

ceding  table,  is  to  be  considered  as  approximated  only. 
Adftnuges     As  the  numbers  above  given  have  the  same  ratio  to  each 
ir'reS***^  other,  as  the  weights  of  the  atoms,  which  they  respectively 
leedngthe  represent;  it  must  be  obvious,  that,  whenever  two  bodies 
«^a>|||J|^t  uoite  in  the  simplest  proportion,  they  unite  in  the  ratio  ex- 
ebemioai     pressed  by  their  equivalent  numbers.  Hence  if  the  equiva- 
bodkt.       lent  numbers  be  recollected,  the  ratio  in  which  any  combi- 
nation takes  place  in  the  simplest  manner,  must  also  be 
known.  For  example,  if  it  be  borne  in  mind,  that  the  equi- 
valent number  for  sulphur  is  16,  and  for  chlorine  36;  then 
it  will  be  known  that  if  sulphur  and   chlorine    combine 
in  a  simple  proportion,  it  is  in  the  ratio  of  16  to  36:  ag^n, 
if  it  be  recollected  that  the  equivalent  number  for  oxygen 
is  8,  and  that  for  azote  14,  and  also  that  nitric  acid  is  com- 
posed of  1  atom  of  azote  combined  with  5  atoms  of  oxygen; 
then  it  may  he  at  once  deduced,  that,  in  nitric  acid,  the 
azote  is  to  the  oxygen  as  14  to  40. 


DIVISION  II. 

r 

OF  COMPOUND  PONDERABLE  BODHSS. 

Borne  eom-     MakT  of  these  bodies  have  been  already  described,  when 
poiiod  bo-   treating  of  the  different  undecompounded  bodies.  Of  course, 
^nio^eedi  under  this  head,  those  compound  ponderable  bodies  only, 
not  heretofore  described,  will  find  a  place.     ' 

It  may  not.be  very  obvious,  why  some  of  these  bodies  are 
described  under  the  undecompounded  bodies;  while  others 
and  for  ^^^  reserved  for  this  division  of  the  work.  Various  reasons, 
^h«tre>'  however,  have  operated  in  determining  where  different  com- 
pounds should  stand.  The  chlorides,  iodides,  sulphurets, 
phosphurets  and  carburets,  are  described  under  the  unde- 
compounded ponderable  bodies;  because  their  descriptions 
are  generally  short;  and  by  standing  near  the  bodies  of 
which  they  are  formed,  the  association  of  the  compound 
with  its  most  important  constituent  is  more  direct  and 
better  preserved.  The  alkaline  and  earthy  salifiable  bases 
arc  reserved  for  this  part  of  the  work;  because,  they  are 
important  in  themselves,  and  require  a  separate  description. 
On  the  other  hand,  the  remaining  salifiable  bases  (usually 
called  metallic  oxides)  are  treated  of  under  the  metals  of 
which  they  are  formed;  because,  generally  speaking,  their 
individual  importance  is  not  very  great. 
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The  compound  ponderable  bodies  will  be  treated  of  un-  Cba».  l 
dcr  the  four  heads  of  compoand 

Salifiable  Bases.  ponderable 

AciH.  bodies  «0B- 

Salts.  der  foar 

Unsalifiable  Compounds;  and  will  form  ^^'^ 
the  subjects  of  as  many  chapters.  After  the  chapter  on  acids 
has  been  completed;  the  ttrm  acidy  in  the  chemical  sense, 
will  be  explained;  and  some  account  will  be  given  of  the 
principles  of  the  classification  of  acids,  pursued  in  the  pre- 
sent work.  These  subjects  will  be  embraced  in  a  separate 
chapter. 


CHAPTER  I. 

OP  SALIFIABLE  BASES. 

The  salifiable  bases  will  be  divided  into  the  three  follow-  SaUfiaUe 
ingcUisscs.  ^illl; 

I.  Alkaline  salifiable  bases.  Uiree  ei»u- 

II.  Earthy  salifiable  bases.  ^' 

III.  Salifiable  bases,  having  neither  alkaline  nor  earthy 
properties. 


CliASS    I. 

ALKALIJfB  SALIFIABLE  BASES. 

The  alkaline  salifiable  bases  are: 
1.  Ammonia,         4.  Lithia,  7.  Strontian,  Aiicaiine 

%•  Potash,  5.  Lime,  8.  Magnesia.  Mlifl&bie 

3.  Soda,  6.  Barytes,  mewted. ' 

They  will  be  treated  of,  in  the  order  in  which  they  have 
been  enumerated,  in  the  eight  following  sections. 

•SECTION  I. 

OP  AMMONIA. 

Common  mimet,  Volatile  AlkalL~—Bart9honu 

I.  Ammonia  may  be  obtained  by  exposing  a  mixture  of  AmmoDia; 
three  parts  of  quicklime,  and  one  part  of  hydrochlorate  of  ^^  ^^^"' 
ammonia  (sal  ammoniac)  in  powder,  in  a  retort,  to  the  heat 
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Book  l    of  a  lamp.   A  gas  is  formed,  which  must  be  cdllecled  over 
PivirioB  IL  mercury*  This  gas  is  ammonia* 

ProeeMflx.     II.  Hydrochlorate  of  ammooia  is  a  salt  composed  of 
piainfld.      hydrochloric  (muriatic)  acid,  and  the  substance  under  des- 
cription. By  being  heated  with  lime,  it  is  decomposed;  the 
hydrochloric  acid  forms  with  the  latter  substance,  chloride 
of  calcium  and  water,  while  the  ammonia  is  disengaged. 
Pro«^  III.  Ammonia  b  obtained,  by  the  manufacturer,  by  the 

Slemana/  destructive  distillation  of  all  animal  substances  (except  fat), 
fiwtQrer.     which  have  not  suffered  spontaneous  deconipositi(^n.    The 
substances  generally  employed  are  refuse  bones  and  the  pith 
of  horns.    The  distilled  product  is  an  impure  ammonia, 
partly  in  a  concrete  state  and  partly  dissolved  in  water, 
containing  a  portion  of  carbonic  acid  and  some  empyreuma* 
tic  oil.  To  be  obtained  pure,  it  is  first  saturated  with  sul- 
phuric acid,  and  then  converted  into  hydrochlorate  of  am- 
monia by  double  decomposition  with  chloride  of  sodium 
(common  salt).  The  hydrochlorate  is  made  to  yield  up  its 
ammonia  in  the  manner  just  described. 
DiMOTerjr.       IV.  This  gas  was  first  obtained  in  a  pure  state  by  Dr. 
Priestley.  Besides  the  names  already  given,  it  formerly  had 
several  others;  such  as  spirit  of  urine^  because  it  was  obr 
tained  by  the  distillation  of  urine;  and  spirit  ofsalammoniaCy 
because  it  was  sometimes  obtained  from  sal  ammoniac. 
Propertiet.      V.  Ammonia  is  a  gaseous  substance,  transparent  and 
(Colourless  like  air.  Its  taste  is  acrid  and  hot;  and  its  smell, 
exceedingly  pungent.    It  changes  vegetable  blues  to  green. 
When  exposed  to  a  cold  of «  45^,  it  assumes  the  liquidform; 
but  becomes  a  gas  imniediately,  if  the  temperature  be  rais- 
ed. ,When  passed  through  a  red  hot  tube  it  is  decomposed. 
Spee.  gnr.     VI.  It  is  a  very  nearly  six-tenths  as  heavy  as  common 

^'^     air. 
Itcttinotbe     VII.  Ammoniacal  gas  is,  strictly  speaking,  unresfnrable: 
th^Tunn?  ^^^^  ^^  attempt  is  made  to  draw  it  into  the  lungs,  the 
glottis  closes  spasmodically.    It  does  not  support  combus- 
tion: when  a  lighted  candle  is  let  down  into  it,  its  flame  is 
extinguished;  but,  previously  to  diat  effect  taking  place,  at 
the  moment  of  immersion,  it  is  enlarged  by  being  surround- 
ed by  another  flame  of  a  pale  yellow  colour,  which  descends 
from  the  top  to  the  bottom  of  the  containing  vessel.  Ammo- 
niacal gas,  although  containing  a  combustible  substance,  will 
Bunii  Qn-  not  bum  in  atmospheric  air;  but  when  expelled  from  a  tube 
der|>e«a-    ^j^h  a  narrow  orifice,  and  surrounded  by  oxygen  gas,  it 
sunMon^' bums  with  a  pale  yellow  flame;  water  being  formed  and 
ly*  azote  liberated* 

Gombiuet       VIII.  This  gas  combines  very  readily  with  water,  and 
imd^foi^  forms  tiie  compound  called  liquid  fKommtu 
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LIQUID   AMMONIA.  ^"^*'' 

Water  §/  Ammonia  of  the  Edinburgh  College. 

1»  This  combination  takes  place  whenever  ammoniacal  gas  Uqaid  am- 
comes  in  contact  with  water*  The  union  is  attended  by  an  ^^^ 
increase  of  temperature,  as  well  as  of  the  bulk  of  the  water 
employed. 

2«  The  Edinburgh  college  directs  the  following  process,  Liquid  am- 
for  the  preparation  of  the  water  of  ammonia:  To  two  pounds  T^'*'^^ 
of  quicklime,  previously   slaked  by  one  pound  of  water,  for  medical 
and  placed  in  a  retort,  add  one  pound  of  hydrochlorate  of  o^- 
ammonia  (sal  ammoniac),  dissolved  in  five  pounds  of  wa- 
ter. Shut  the  mouth  of  the  retort,  and  mix  the  substances 
by  agitation.  Now  distil  into  a  refrigerated  receiver,  with  a 
gcnde  heat,  until  twenty  ounces  of  liquid  have  been  ab- 
stracted. 

3.  The  above  process  agrees  with  that  given  for  the  pre-  its  proper- 
paration  of  pure  ammonia;  except  that  the  presence  of  wa-  ^^^ 
ter,  in  the  latter,  causes  the  ammonia  to  come  over  combined 
with  that  liquid. 

4*  Liquid  ammonia  is  the  usual  form,  in  which  ammonia 
is  employed  by  the  chemist.  When  it  is  heated  to  the  tem- 
perature of  130^,  the  ammonia  separates  in  the  form  of  gas: 
When  exposed  to  a  cold  of  ^  46^,  it  crystalliaes.  If  sud- 
denly cooled  to  —  68*,  it  assumes  the  appearance  of  a  thick 
jelly;  having  scarcely  any  smell. 

5.  Liquid  ammonia  is  capable  of  dissolving  the  oxides  of  DisaolTea 
silver,  copper,  iron,  tin,  nickel,  zinc,  bismuth  and  cobalt*  f?™^^' 
It  deoxidizes  the  oxides  of  mercury,  lead  and  manganese;  d^kUsea 
water  being  formed,  and  azotic  gas  emitted.  others. 

6.  Water,  when. saturated  widi  ammonia,  contains  670Compod- 
times  its  bulk  of  the  gas,  which  amounts  to  about  one-third  ^^^I^^V 
of  its  weight;  and  its  specific  gravity  is  reduced  to  •B7S.      Si^.  ^"^"'^ 

7*  Liquid  ammonia  is  a  very  powerful  stimulant.   It  is  Medieal 
not  often  given  internally,  because  other  preparations  for  "^  j^^ 
internal  use,  are  preferred.  When  applied  to  the  skin,  it  acts  2ia. 
powerfully  as  a  rubefacient,  and  is  used  with  a  view  to  this 
effect  in  chronic  rheumatism  and  in  paralysis*  The  ammo- 
niacal gas,  which  exhales  from  it,  stimulates  strongly  the  nose 
and  eyes.   When  applied  to  the  nose,  it  constitutes  a  very 
efficacious  stimulant  in  syncope.    It  is  sometimes  applied 
to  the  eyes  in  chronic  ophthalmia. 

IX.  A  mixture  of  ammoniacal  gas  with  oxygen  may  be  Ammonia- 
fired  by  the  electric  spark.    If  the  oxygen  be  in  excess,  part  ®^'°^*"y' 
of  the  ammonia  is  decomposed,  and  nitric  acid  and  water  Iral'Sy^e 
are  obtaindl;  the  former  of  which  combines  with  the  un-  ^^•^ 
decomposed,  portion,  and  forms  nitrate  of  ammonia.  '^^  ' 
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Book  l  X.  When  pure  ammonia  is  mixed  with  chlorine  gas, 
DiviMon  II.  combustion  takes  place,  and  it  is  partially  decomposed.  The 
Effecu  of  azote  of  the  decomposed  portion  is  evolved:  while  its  hy- 
ed* with""  drogen  combines  with  the  chlorine,  so  as  to  form  hydrochlo- 
ehiorine.     ric  (muriatic)  acid;  which  then  unites  with  the  undecom- 

posed  portion,  and  forms  hydrochlorate  of  ammonia  (sal 

ammoniac). 
Saipharet       XI.  The  sulphuret  of  ammonia  may  be  formed  by  causing 
of  ammo-    ammonia  to  come  in  contact  with  sulphur  in  a  state  of  va- 
™**  pour.  Its  properties  have  not  been  investigated. 

XII.  Ammonia  does  not  appear  capable  of  combining 

with  the  metals.  Whenever  it  appears  to  dissolve  them,  it  is 

after  having  oxidized  them  at  the  expense  of  the  water, 

with  which  it  is  combined. 
AmmonUi        XIII.  Ammonia  combines  with  the  oxides  of  gold,  of  sil- 
eombinei    y^.  ^q^  ^f  platinum,  and  forms  compounds,  called  fulminat- 

with  oxide    •  1 J    j:  I     •      ^«  M  J  r  1     •  ■     • 

of  gold,       ing  gold,  fulmmatmg  silver,  and  fulmmatmg  platmum. 
formiDg  1,  Fulminating  gold  may  be  prepared  by  dissolving  gold 

^  mma  og  .^  ^iq^^  regia,  diluting  the  solution  with  thrice  its  weight  of 
water,  and  adding  to  it,  by  degrees,  liquid  ammonia,  as  long 
as  any  precipitate  appears.  The  precipitate  thus  obtained 
must  then  be  washed  in  pure  water,  and  dried  slowly  on 
filtering  paper.  It  is  now  fulminating  gold,  or  the  ammo- 
niuretted  oxide  of  gold.  To  prevent  accidents,  the  phial,  in 
which  it  is  kept,  must  not  be  corked;  but  its  mouth  covered 
with  a  piece  of  linen  or  paper. 

2.  Fulminating  gold  is  a  yellow  powder.  It  has  its  name 
from  the  property  of  exploding  whenever  it  is  violently 
struck.  The  cause  of  this  property  is  the  sudden  decompo- 
sition of  the  powder.  The  hydrogen  of  the  ammonia  com- 
bines with  the  oxygen  of  the  oxide,  forming  water;  the  gold 
is  reduced,  and  the  other  constituent  of  the  ammonia,  (nzote) 
suddenly  assumes  the  elastic  form,  and  gives  rise  to  the 
explosion. 

with  oxide       1*  Fulminating  silver  is  formed  by  allowing  liquid  am- 

9^'''7*''»-    monia  to  stand  for  twelve  hours,  upon  the  precipitate  form- 

mlnatmg   "  ed,  in  the  nitric  solution  of  silver,  by  lime  water.  The  pre- 

lilTor:         cipitate  must  then  be  separated,  and  dried  in  very  small 

portions  upon  filtering  paper.    It  is  now  fulminating  silver* 

2-  This  powder,  even  when  moist,  explodes  violently 

when  struck;  when  dry,  the  same  effect  is  produced  by  the 

least  touch.  The  explanation  of  its  explosion  is  the  same 

with  that  given  of  the  same  property  in  fulminating  gold. 

^M^f*  ^*  ^^^^^^^i^K  P^^^^^^  *^  formed  by  digesting  the  pre- 
^«tinum,  cipitate,  formed  in  a  solution  of  platinum  in  aqua  regia  by 
&miogfal-  hydrosulphuric  acid  (sulphuretted  hydrogen),  in  nitric  acid, 


it  is  coaverted  into  sulphate  of  platinttin:  this  sulphate,  caiy,  f . 
being  dissolved  in  water,  is  then  precipitated  by  liquid  minatmg  ^ 
ammonia;  the  precipitate  formed,  after  being  washed^  igpUtinam. 
boiled  for  some  time,  with  a  solution  of  potash,   in  a 
Florence   flask;   and   then   separated   by  the   filter.    The 
powder,  thus  obtained,  after  being  washed  and  dried,  con- 
stitutes fulminatmg  platinum. 

2.  Fulminating  platinum  is  a  brown  powder.  It  does  not 
explode  by  trituration  or  percussion,  but  by  exposure  to 
heat,  very  violently. 

XIV.  Ammonia  is  composed  of  Ammmia 

Hydrogen         3— three  atoms.  eompoted' 

Azote  14-^neatom.  ^^ 

Giving  17  for  the  number  representing  the 
atom  of  this  alkaline  base. 

XV.  The  nature  of  ammonia  was  gradually  developed  by  DisMfcry 
the  labours  of  Scheele,  Priestley,  and  Berthollet.  Scheele  ?^j^^' 
discovered^  that  when  ammonia  is  decomposed  by  certain  ^^"^^ 
metallic  oxides;  the  oxides  are  reduced,  the  gas  disappears, 

and  a  quantity  of  azote  is  found  in  its  place.  Priestley  as- 
certained, that,  when  heat  is  applied  to  the  peroxides  of 
lead  and  mercury,  confined  in  ammoniacal  gas;  these  oxides 
are  reduced,  water  is  formed,  and,  in  the  place  of  the  am- 
monia, a  quantity  of  azote  is  found.  The  results,  obtained 
by  these  chemists,  led  to  the  conclusion,  that  ammonia  is  a 
compound  of  azote  and  hydrogen;  an  opinion,  afterwards 
amply  confirmed  by  Berthollet. 

XVI.  A  galvanic  experiment,  made  by  Berzelius  andAmiMnia, 
Pontin,  gave  reason  to  believe,  at  one  time,  that  ammonia  f^'^^^^JJ^I^ 
was  composed  of  a  metallic  radical,  united  to  oxygen,  lie  oxide. 
These  chemists  found,  upon  negatively  electrifying  mer- 
cury, in  contact  with  a  solution  of  ammonia,  that  a  globule 

was  produced,  having  the  metallic  lustre,  and  a  volume,  five 
times  as  great  as  the  mercury  employed.  The  conclusion, 
which  they  drew  from  the  phenomena  of  this  experiment, 
was,  that  this  globule  is  an  amalgam  formed  with  some 
metal,  previously  unknown,  and  probably  the  radical  of 
ammonia.  The  experiment  of  Berzelius  and  Pontin  was  re- 
peated, with  the  same  result,  by  Davy;  who  was  inclined 
to  coincide,  in  opinion,  with  diese  chembts,  with  regard  to 
the  nature  of  the  globule. 

The  conclusions,  drawn  from  the  experiments  of  Berzelius 
and  Pontin,  going  to  establish  a  perfect  analogy  between 
all  the  salifiable  bases,  were  received,  rather  favourably, 
by  the  chemical  world.  The  subsequent  experiments,  how- 
ever, of  Gay-Lussac  and  Tbenard,  made  with  great  care. 
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Bo^L  iadttced  diete  chemists  to  conclude,  tfatt  the  suppOacd 
^  amalgam  is,  in  reality,  a  compound  of  mercury  and  am- 
moniai  and,  at  present,  the  general  impression  is  very  much 
in  fiivour  of  ^eir  opinion. 


SECTION  II. 

OF  POTASH. 
SjB.  Fvre  KaUj-^Cawtic  tegetabie  AlkaU. 


Vtitml^  h  Tbe  only  method  to  obtain  potash,  absidutely  pure,  is  to 

htfvobt^- expose  the  peroxide  of  potassium  to  a  sufficient  heat,  to 

^^     drive  off  the  second  dose  of  oxygen,  which  it  contains.   In 

this   way,  perfectly   pure  potash   was  first  obtained,  by 

Sir  H'«  Davy.  For  the  common  purposes  of  the  chemist, 

however,  the  hydrate*  of  potash,  or  potash  pure  in  every 

respect,  except  diat  of  containing  a  portion  of  water,  in  the 

solid  form,  is  sufficiently  pure;  and,  when  potash  is*'Spokeii 

of,  in  any  part  of  this  volume,  it  is  the  hydrate,  which  is 

meant;  unless  otherwise  particularly  specified. 

U^aA>-  II,  Berthollet's  method  for  obuining  potash,  is  the 

^e  itaie  cf  foHowing:  Mix  any  quantity  of  the  pearl-ash  of  commerce, 

kydnie.     with  twice  its  Weight  of  lime,  and  ten  times  its  weight  of 

water.   Put  die  mixture  in  a  close  glass  vessel;  and  let  it 

stand  for  forty-eight  hours,  shaking  it  occasionally.  Filter 

the  liquid,  and  then  boil  it  rapidly,  in  a  silver  vessel;  until 

upon  cooling,  it  may  be  able  to  assume  the  consistence  of 

honey.  Now  add  to  it,  a  quantity  of  alcohol  (spirit  of  wine) 

equal  to  one-third  of  the  pearl-ash,  originally  employed. 

After  having  shaken  the  whole,  boil  it  for  a  few  minutes, 

and  then  pour  it  into  a  glass  vessel;  which  must  dien  be 

tighdy  coriied.  By  degrees,  the  mixture  separates  into  two 

portions;  the  upper  portion  must  be  decanted  into  a  silver 

basin,  and  evaporated  rapidly,  until  a  crust  form  upon  its 

surface.  It  is  then  to  be  poured  into  a  porcelain  vessel, 

and  allowed  to  concrete.  The  substance,  thus  obtained,  is 

potash. 

Thebat         III.  The  pearl-ash  of  commerce  is  an  impure  carbonate 

KJJJd^  ^'  ^^  potash.  Now  lime  has  a  stronger  affinity  for  carbcMitc 

acid,  than  potash  has;  and,  therefore,  in  the  process  just 

given,  it  separates  the  greater  part  of  this  acid  from  the 

pearl-ash.  The  lime  becomes  converted  into  carbonate  of 
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time  (drtdk),  which  it  insoluble;  and  die  peari*uh,  isto  a  Cbav.  L 
mixture  of  pure  potash,  and  undecomposed  carbooate.  Pil-  "  -^ 
tration  removes  the  carbonate  of  lime.  Alcohol  possesses  the 
property  of  dissolving  potash,  but  does  not  act  upon  its 
carbonate*  The  treatment,  therefore,  of  the  filtered  liquid, 
with  alcohol,  results  in  the  formation  of  an  alcoholic  solu* 
tion  of  potash,  free  from  admixture  of  the  carbonate.  This 
solution  swims  on  the  surface,  and  is  separated  by  being 
decanted.  The  rapid  evaporation,  to  which  it  is  afterwards 
subjected,  drives  off  the  alcohol,  and  leaves  the  potash 
pure* 

IV.  The  Edinburgh  college  directs  the  following  process  Pre|Mm> 
for  obuining  potash:  Evaporate  the  sc^utioo  of  potash,*  |j^!?''P^*^ 
until  ebullition  cease,  and  the  liquid  flows  like  oiL   Whenaicd^attT' 
this  happens,  the  water  of  the  solution  will   have  been 
driven  off.    Now  pour  the  liquid  on  a  smooth  iron  plate; 

and,  before  it  hardens,  divide  it  into  small  pieces,  an4 
keep  them  in  well  stopped  phials.  The  precaution,  last 
mentioned,  is  necessary,  to  prevent  the  absorptiou  of  car^ 
bonic  acid. 

V.  Potash,  obtained  by  either  of  the  proceasea  last  Pi«p«ii» 
described,  is  a  solid  white  substance,  having  an  unctuous  ^'•■^^ 
fcel,  and  an  extremely  acrid  taste.  Its  somU  resembles  that, 
which  is  perceived  during  the  slaking  of  lime.   It  changes 
vegetable  blues  to  green.    It  is  deliquescent  in  the  air. 

After  being  exposed  to  a  red  heat;  it  siU  cosUains  water,  to 
the  amount  nearly  of  16  per  cent. 

VI.  It  is  about  one  and  tfaree-fourth  times  as  heavy  as  Spee.  grav. 
water.  ""^^ 

VII.  Potash  dissolves  readily  in  water,  and  forms  a  so-  Pouth 
lution,  which  will  be  called  liquid  potash.  ^,u!^ 

UQUm  POTASH.  quidpotaA^ 

Wat0r  tfPttatht  of  the  EdUaink  coUcge    aoiiiinonly  nlied  Cauttic  JJc 

1.  The  process  of  the  Edinburgh  coKege,  fior  preparing  Uqaid  jiot- 
this  solution,  is  the  following:  Mix  eight  ounces  ot  ^^^^^''^-^^^TL. 
with  twenty-eight  ounces  of  warm  water:  the  lime  will  medWal 
slake  violently,  and  cause  the  ebuUitioo  of  the  mixture.  As^w. 
soon  as  this  is  over,  add  instantly  six  ounces  of  carbonate 
of  potash  (salt  of  tartar);  mix  the  whole,  and  let  it  stand  to 
cool,  in  a  covered  vessel:  the  carbonic  add  becomes  trans- 
ferred to  the  lime,  which  is  therdiy  converted  into  carbo^ 
nate  of  lime;  while  the  pure  potash  remains  in  station. 
After  the  mixture  has  cooled,  agitate  it  well  to  mix  its 
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Book  I.    several  parts;  and-  then  filter  it  gradually,  from  a  covered 
PiviMoptl.  glass  funnel,  whose  throat  is  obstructed  by  a  piece  of  clean 
linen,  and  whose  tube  is  inserted  into  a  ^ass  vessel,  to  re- 
ceive the  filtered  product.   As  soon  as  the  liquid  should 
cease  to  drop;  add,  cautiously,  to  the  mixture  in  the  funnel, 
a  few  ounces  of  water,  in  such  a  manner,  as  that  the  latter 
may  swim  on  the  surface  of  the  former*  This  addition 
causes  the  liquid  again  to  drop;  and  similar  ones  are  to  be 
repeated,  until  three  pounds  of  the  filtered  liquid  are  pro* 
cured;  which  quantity  will  be  obuined  after  the  lapse  of 
two  or  three  days.  The  object  of  the  filtration  is  to  separate 
the  insoluble  carbonate  or  lime,  which  remains  upon  the 
funnel;  nothing  passing  through  but  the  solutionof  the  potash^ 
Water  is  directed  to  be  added  occasionally,  until  the  filter- 
ed liquid  shall  amount  to  three  pounds;  in  order  that  the 
solution,  being  intended  for  medical  use,  may  always  be 
prepared  of  the  same  strength.  The  solution  must  be  kept 
in  well  stopped  botdes,  in  order  to  guard  against  the  ab- 
sorption of  carbonic  acid. 
Propertiet       2*  Liquid  potash  is  transparent,  and  has  the  consistency 
ofNuMi     of  oil.   It  is  in  this  form,  that  potash  is  usually  employed 
^^'^^'^       by  chemists.   When  it  is  a  saturated  solution,  it  contains 
i  about  two-thirds  of  its  weight  of  potash, 

lu  mediefii  3.  Liquid  potash  has  enjoyed,  at  various  times,  con- 
siderable reputation,  as  a  solvent  of  calculi.  It  has,  un- 
doubtedly, relieved  many  cases  of  stone;  but,  in  many 
others,  it  has  totally  failed.  This  difference,  in  its  effects,  is 
explained,  by  supposing  the  existence  of  a  different  kind  of 
calculus,  in  the  various  cases,  in  which  it  has  been  used. 
Modem  chemistry  has  thrown  great  light  on  the  nature  of 
urinary  concretions.  It  has  ascertained  them  to  be  of  a 
great  many  different  kinds.  Some  are  soluble  in  potash,  and 
in  soda;^  while  others  dissolve  only  in  the  acids*  Now,  it 
appears,  that  the  solution  of  pots»fa  is  best  suited  to  the 
former  kind;  which  are  found  to  consist  of  a  certain  acid, 
called  by  chemists  uric  acid,  either  alone,  or  combined 
with  ammonia.  To  ascertain  the  nature  of  the  calculus* 
which  may  exist  in  any  particular  case,  it  is  necessary 
to  subject  the  urine  to  a  chemical  examination. 

When  it  is  determined  to  use  the  solution  of  potash,  in  a 
case  of  calculus,  it  must  be  ordered  in  a  very  diluted  state. 
Besides  its  use  by  the  mouth,  it  has  been  proposed  to  inject 
die  solution  into  the  Madder,  in  cases  to  which  an  alkaline 
solvent  may  be  suited.  When  this  is  done,  the  bladder  must 
be  evacuated,  and  washed  out  with  tepid  water.  The  solu- 
tion, made  so  dilute  as  to  admit  of  being  held  in  the  mouth 
without  uneasiness,  is  then  injected  into  the  bladder,  and 
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allowed  to  remain  there  for  half  an  hour.    After  it  is  Ckaf.  i. 
evacuated,  it  is  to  be  tested  for  the  presence  of  calculous  — — — - 
matter  in  solution. 

VIII.  Potash,  when  not  in  the  state  of  hydrate,  may  be  Pottah 
made  to  combine  with  an  additioijal  dose  of  oxygen.   It  is  M»mMnei 
thus  converted  into  peroxide  of  potassium.  J^'n;  **'^' 

IX.  Dr.  Thomson  has  recently  ascertained,  that  potash  Md  with 
is  capable  of  forming  a  chloride.   This  chemist  succeeded,  «iiioriiit. 
in  obtaining  it,  by  double  decomposition,  from  a  salt  of  pot- 
ash, and  chloride  of  lime.  The  latter  chloride,  he  found,  to 
constitute  the  principal  part  of  Mr.  Tennant's  bleaching  salt.* 

If  potash,  however,  be  heated  to  redness  in  chlorine  gas;  , 

chloride  of  potassium,  and  not  chloride  of  potash,  is  form- 
ed; oxygen  being  at  the  same  time  evolved.  Potash  suf- 
fers  a  similar  decomposition,  when  heated  in  contact  with 
iodine. 

X.  Potash  combines,  in  one  proportion,  with  sulphur;  Saiphnret 
and  forms  sulphuret  of  potash.  of  potaah; 

1.  Sulphuret  of  potash,  formerly  called  liver  of  sulphur,  hov  foim- 
may  be  formed,  by  fusing  together,  two  parts  of  carbonate  ^- 

of  potash  (salt  of  tartar)  and  one  part  of  sulphur.  The  car- 
bonate  becomes  decomposed;  the  carbonic  acid  is  liberated, 
while  the  potash  combines  with  the  sulphur. 

2.  Sulphuret  of  potash  is  a  hard  and  brittle  substance,  of  Iti  proper- 
a  liver-brown  colour.  It  has  a  vitreous  fracture.  Its  taste  is  ^^ 
acrid,  caustic,  and  bitter.  Its  smell  resembles  that  of  sublim- 

ed  sulphur.  It  deliquesces,  and  suffers  decomposition,  in  the 
air.  It  is  very  fusible.  It  has  not  hitherto  been  analyzed. 

XI.  Potash  is  incapable  of  uniting  with  the  metals;  but,  Potath,  in 
when  in  a  state  of  solution,  it  is  capable  of  oxidizing  seve-  •oIq^» 
ral  of  them.  These  metals  are  zinc,  iron,  tin,  and  osmium,  tome  m*- 
It  is  capable  of  dissolving  the  oxides  of  the  following  ^•^ 
metals;  namely,  arsenic,  molybdenum,  tungsten,  antimony, 
tellurium,  nickel,  cobalt,  manganese,  zinc,  lead,  and  tin. 

XII.  Potash  is  composed  of  Compori. 

Poussium  40— one  atom.  .       ^^^^ 

*  Oxygen  8— one  atom. 

Giving  48  for  the  number  represent^ 
ing  the  weight  of  itr  atom. 

XIII.  Potash  decomposes,  almost  instantaneously,  ani« Vietto the 
mal  substances  of  all  kinds.  This  property  makes  it  useful  to  ""1S«<»* 
the  surgeon,  for  the  purpose  of  destroying  fungous  flesh,  or 
excrescences;  and  for  opening  abscesses*  It  ia  from  thb  ap- 
plication of  it,  that  it  is  called,  in  common  language,  caustic. 


•  Asnalt  of  Phiteeophj  (M«r.  1S19.)  p.  185. 
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SECTION  III. 


OF  SODA. 
Goramoa  namesy  CautHc  Fonil  AUcaUj-^Caxutic  Mineral  Mcati, 

8od«;  how        '•  SoDA,  absolutely  pure,  was  first  obtained  by  Sir  H. 

obtuoed     Davy,  by  burning  sodium  in  a  quantity  of  oxygen  gas,  just 

^^*^"*'         sufficient  to  convert  it  into  sodju   When  thus  prepared,  i( 

has  a  grey  colour,  and  presents,  when  broken,  the  vitreous 

fracture.   For  fusion,  it  requires  a  strong  red  hea^   When 

water  is  added  to  it,  it  becomes  solidified;  and  the  soda  ie 

converted  into  a  hydrate.   When  the  word  soda  is  used,  ia 

chemical  descriptions,  it  is  this  hydrate  which  is  always 

meant,  unless  otherwise  specified. 

^o^*J^         II.  The  best  method  for  obtaining  soda,  pure  in  every 

the  sJbe  of  o^^^^  respect  than  that  of  containing  water^  is  to  decompose 

h7<inte.     the  soda  of  commerce,  commonly  called  barilla,  which  is  a 

carbonate  of  soda,  by  means  of  lime;  and  afterwards  to  treat 

the  resulting  mass  with  alcohol.  The  manipulations  of  the 

process,  and  its  explanation,  are  ezacdy  similar  to  those 

given,  when  describing  the  preparation  of  potash. 

SoorMtof      III,  Soda  is  obtained  from  several  different  sources  in 

n^^"^       nature.   It  may  be  extracted  from  common  salt;  which  is  a 

compound  of  sodium,  the  radical  of  soda,  and  chlorine.   It 

is  found,  in  large  quantities,  combined  with  carbonic  acid^ 

in  Egypt,  and  in  several  other  parts  of  the  world.  The 

ashes  of  many  sea  plants,  especially  of  those  belonging  to 

the  genus  salsola,  yield  it  in  considerable  abundance. 

IV.  Soda  was  confounded  with  poush,  to  which  it  bears 
considerable  resemblance,  until  Du  Hamel,  in  1736,  point- 
ed out  its  distinguishing  properties.  The  conclusions  of  Da 
Hamel  were  afterwards  confirmed  by  Margraff. 
Pvoportiet       V.  Soda  is  a  greyish  white  solid;  agreeing  exactly  with 
*^^      potash,  in  taste,  smell,  and  the  action  which  it  exerts  upon 
animal  substances.   It  changes  vegetable  blues  to  green.   It 
is  readily  soluble  in  water.  When  exposed  to  the  air,  it  ab- 
sorbs moisture  and  carbonic  acid;  assumes,  at  first,  the 
consistence  of  paste;   but,  afterwards,  becomes  dry,  and 
crumbles  into  powder.   Under  similar  circumstances,  pot* 
ash  would  liquefy.  The  different  manner,  in  which  exposure 
to  air  affects  potash  and  soda,  affords  a  very  obvious  crite- 
rion  for  distinguishing  these  alkaline  bodies. 
Spec  grs?.     VI.  Soda  is  about  one  and  ooe-tbird  times  as  heavy  as 

^'^      water.  It  is,  dierefbre,  considerably  lighter  than  potash. 
Soda  com-       VII.  Soda  is  capable  of  combining  with  an  additional 
^^IJI^^  dose  oC  oxygen;  whereby  it  is  converted  into  peroxide  of 


tJTHIA.  Ijl^ 

aodiunu  This  oxide  hat  already  been  deacribed  umder  the   Cha».  i. 
head  of  sodium.  " 


VI I L  Soda  may  be  made  to  form  a  chloride,  by  double  and 
decomposidoD,  between  a  salt  of  soda,  and  chloride  of**'***™^ 
lime«  This  fact  has  been  lately  ascertained  by  Dr.  Thorn* 
SOD.*  When,  however,  soda  is  heated  in  chlorine  gas,  it  is 
decomposed,  and  chloride  of  sodium  (common  salt)  be- 
comes formed*  Soda  undergoes  a  similar  decomposition, 
when  heated  in  contact  with  iodine* 

IX*  Soda  is  composed  of  Compoii- 

Sodium  34-*one  atom.  tion  ot  loda. 

Oxygen  8— one  atom* 

Giving  32  for  the  number  representing 
the  weight  of  its  atom. 

X.  Soda  enters,  as  a  constituent,  into  many  important  Soda, am- 
chemical  medicines*  Its  medical  properties  will  be  noticed  '^^^^^^ 
hereafter,  as  modified  in  these  combinations*  medinnea. 


SECTION  IV. 

OP  UTmA.t 

I.  LiTHiA  is  an  alkaline  salifiable  base,  which  has  been  Miperaia 
lately  discovered  by  Mr*  Arfwedson  of  Sweden*  It  occurs  ^i^^^^^^ 
to  the  amount  of  five  or  six  per  cent*  associated  with  alu* 
mina  and  silica,  in  the  mineral  called  pelatile,  where  it  had 
been  previously  mistaken  for  potash*  It  is  present  also,  in 
triphane,  in  the  proportion  of  eight  or  nine  per  cent,  asso- 
ciated with  alumina,  silica  and  oxide  of  iron;  and  it  con- 
stitutes about  four  parts,  in  the  hundred,  of  green  tourma- 
line (crystallized  kpidolite)  where  it  is  present  along  with 
alumina,  silica,  boracic  acid,  and  the  oxides  of  iron  and  of 
manganese* 

II*  It  was  discovered  in  consequence  of  its  very  high 
neutralizing  power*  When  saturated  with  an  acid,  in  the 
course  of  the  analysis  of  petalite  by  Arfwedson;  the  calcu- 
lated amount  of  salifiable  base  present,  under  the  stt|iposi- 
iion  that  it  was  either  potash  or  soda,  always  produced  a 
gain,  which  was  too  great  to  be  attributed  to  common  sour- 
ces of  error.  The  investigation  of  the  causes  of  this  gain 
residted  in  the  discovery  of  lithia* 

*  Aonala of  PhSoMphy  (Mar.  1819)  p.  185. 

t  Fmi  -tsAmct  atony;  beomae  thia  aHndfaie  bnt  H  ffmUied  eRtfarffely  by 
the  nUaatSt  Iringtmp;  vtiUPiaa  pfh  m^w^ne  im.   * 
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^Q|:L    and  18  converted  into  cUoride  of  cakium,  (dty  muriate  of 
DifUion  II.  lime).*  Lime  is  capable  of  forming  an  iodide  also. 
Phnphurot     IX.  Phosphuret  of  lime  may  be  obtained  by  the  following 
^^^^      process:  Pu^  at  the  bottom  of  a  glass  tube^  closed  at  one 
<nd,  one  part  of  phoephoros;  and  holding  it  horizontally, 
introduce  into  it,  five  parts  of  lime,  in  small  lumps,  so  as  tx> 
be  within  about  two  inches  of  the  phosphorus*  Put  the  tube 
across  some  burning  coals,  in  such  a  manner,  as  that  the 
Ume  may  be  brought  to  a  red  heat,  while  the  phosphorus  is 
comparatively  cold*  As  soon  as  this  is  accomplished,  move 
die  tube  along  the  coals,  so  as  to  expose  the  phosphorus  to 
the  heat;  by  which  it  will  be  converted  into  vapour,  and, 
ia  this  state,  combine  with  the  lime.  During  the  combina- 
tion, the  mass  becomes  of  a  glowing  red  heat,  and  a  quantity 
of  hydroguret  of  phosphorus  (phosphuretted  hydrogen)  is 
emitted;  which  takes  fire  as  soon  as  it  comes  in  contact 
with  the  atmosphere*  This  phosphuret  has  a  deep  browB 
colour*  It  falls  to  pieces  when  exposed  to  the  air*  It  is  not 
soluble  in  water;  but,  when  thrown  into  thb  liquid,  it  causes 
its  decomposition)  and  hydroguret  of  phosphorus  is  evolved* 
It  has  not  been  analyzed* 
Soipbuivt      X*  Sulphuret  of  lime  may  be  formed  by  heating  its  con- 
stituents together  in  a  crucible*  It  has  a  reddidi  colour, 
which  becomes  greenish  yellow,  when  exposed  to  the  air  or 
moistened  with  water*  It  has  not  been  analyzed* 
limcw  vith     XI*   Lime,  combined  with  potash,  forms  the   officinal 
^mia      preparation,  commonly  called  milder  common  caustic* 
ewiftie.  1*  The  Edinburgh  college  directs  the  following  process 

for  preparing  this  compound:  Evaporate  Uquid  potash  (so* 
ludoa  of  potash)  in  a  covered  veasel,  to  about  one-third* 
After  beiqg  thus  concentrated,  add  to  it  as  much  hydrate  of 
lime  (new  slaked  lime),  as  will  bring  it  to  the  consistency 
of  a  pretty  solid  pap*  The  mass  constitutes  the  caustic  in 
question*  It  must  be  preserved  in  bottles,  well  closed  firom 
the  air* 
It!  oMt  to       2*  This  compound  of  lime  with  potash  is  the  caustic  usu-  i 

f^J^"      ally  employed  by  surgeons  for  opening  abscesses,  for  mak-  1 

ing  issues,  and,  indeed,  for  most  of  the  purposes,  for  which 
a  caustic  is  required* 

SoT^I^      XII*  Lime,  as  the  reader  has  already  been  informed,  is  an 
'  oxide  of  a  peculiar  metal,  called  calcium.  It  is  composed  of 

Calcium         31— one  atom. 
Oxygen  8— *one  atom* 

Giving    29  for  the  number  represent- 
ing its  atom* 

*  AnMlf  •f  PhikMophy  (Mar.  fS11»)  p.  18SL 
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XIII.  Lime  is  of  yerj  great  impoituiee  m  the  arts.  It  vka^  t 
constitutes  the  principal  ingredient  in  mortar.  The  best  pro-  ume,  Um 
portions  for  this  cement  are  prineijMi 

Finetand  Spot..  ^^^^ 

Coarser  sand  4 

Lime,  recently  slaked,  1 

Water,  a  sufficiency  only  to  mix  the  ingredients. 
Mortar  owes  its  property  of  becoming  hard  to  the  absorp- 
tion  of  carbonic  acid,  as  well  as  to  the  solidificatiaa  of  a 
portion  of  water.  By  means  of  this  property,  as  well  as  that 
of  adhering  strongly  to  brick  or  stone;  it  is  capable  of  join* 
inft  these  substances  together,  as  firmly  as  if  they  had  been 
originally  in  one  piece. 

The  addition  of  a  litde  clay  to  this  cement,  gives  it  the 
property  of  hardening  under  water.  Certain  lime  stones 
contain  a  proportion  of  clay;  and  these,  when  burnt,  furnish 
a  very  proper  lime  for  water  mortar.  The  best  water  mor«* 
tar,  however,  is  composed  of  lime,  and  puizolano,  a  volca» 
Bic  sand  found  in  Italy. 

XIV.  Lime  acts  with  considerable  energy,  as  a  corro-  it 
nve,  upon  the  animal  fibre.  Its  principsd  medical  properties^ 
when  in  solution,  have  already  been  mentioned,  and  need 
not  be  repeated  here. 


SECTION  VI. 

QW  BARYTES  • 

I.  Barttes  may  be  obtained  pure  by  the  following  pro-  BarjtM; 
cess:  Expose  a  mixture,  in  a  crucible,  of  eight  parts,  ia  ^^^  obtiin- 
powder,  of  ponderous  spar  (sulphate  of  barytes),  and  one  *  ^"^' 
part  of  charcoal  powder,  for  several  hours  to  a  red  heat:  by 

this  treatment,  the  sulphate  of  barytes  becomes  converted 
into  a  sulphuret.  Dissolve  the  sulphuret  in  water,  and  add 
nitric  acid  to  the  solution,  as  long  as  any  precipitate  appears: 
this  acid  combines  with  the  barytes,  and  throws  down  the 
sulphur.  Separate  the  sulphur  by  the  filter;  and  evaporate 
the  clear  liquid,  until  it  form  crj'Stals  of  nitrate  of  barytes. 
Expose  the  crystals,  thus  obtained,  to  a  strong  heat,  gradu- 
ally increased:  the  nitric  acid  will  be  driven  off,  and  the 
barvtes  left  pure. 

II.  Barytes  occurs  native,  only  in  combination  with  sul-  How  found. 


*  From  fiufvft  Imsw?  ^^  MMWit  of  the  oaiuuMl  weight  of  tke  •peryfram  whieh 
it  was  fint  obtained. 
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BooKh*  phuric  or  carbonic  acid,  forming  sulphate  or  caibonate  o£ 
^!if^-  barytes. 

IIL  It  was  discovered  by  Scheele,  in  1774. 
Iti  proper*  IV.  Barytes  is  a  porous  substance,  of  a  greyish-white 
colour.  It  is  easily  reduced  to  powder.  It  has  an  acrid,  uri- 
nous taste,  more  caustic  thaii  that  of  lime.  It  possesses  no 
perceptible  smell.  When  exposed  to  the  air,  it  attracts 
moisture,  swells,  evolves  heat,  and  is  converted  into  a  hy- 
drate. If  the  exposure  be  long  continued,  it  gradually  at* 
tracts  carbonic  acid,  and  loses  its  causticity.  It  is  capable 
of  decomposing  animal  substances;  but  not  with  as  much 
energy  as  potash  or  soda. 

V.  Barytes  is  about  four  times  as  heavy  as  water. 
ComiiiDes       VI.  Barytes  combines  with  water  in  two  forms:  in  the 
tt ahrdr^  solid  form,  as  a  hydrate;  and  in  the  liquid  form.    The  hy- 
and  M  a  li-  drate  may  be  formed  by  slaking  barytes;  that  is,  by  sprink- 
quid.  iiQg  it  with  water,  as  long  as  this  liquid  is  absorbed.    The 

cold  solution  of  barytes,  when  saturated,  contains  not  more 
than  one-twentieth  of  its  weight  of  barytes;  but  the  hot  so* 
lution  is  capable  of  containing  more  than  half  its  weight* 
The  hot  solution,  as  it  cools,  lets  fall  the  barytes,  in  the 
form   of  transparent   colourless   crystals.  These  crystals^ 
when  exposed  to  the  heat  of  boiling  water,  undergo  the 
watery  fusion^  as  it  is  called;  that  is,  are  dissolved  in  the 
water,  which,  at  a  lower  temperature,  existed,  combined 
with  them,  in  the  solid  form.  If  the  heat  be,  afterwards, 
gradually  increased,  this  water  is  driven  off,  and  the  barytes 
becomes  dry.  When  the  temperature  arrives  at  the  point  of 
redness,  the  dry  mass  melts,  and  flows  like  oiL    But  when 
bar}'tes  is  obtained  by  decomposing  the  nitrate,  it  is  per- 
fectly infusible  in  the  most  intense  heat,  that  can  be  raised. 
This  infusibility  of  barytes,  as  obtained  from  the  nitrate,  is 
supposed  to  be  owing  to  the  absence  of  water. 
Combinet        VII.  Barytes  is  capable  of  combining  with  oxygen.  This 
•bo  wHli     compound  has  been  already  noticed  as  peroxide  of  barium. 
nS^iriUi         VIII.  Barytes  is  capable  of  forming  a  chloride,  as  Dr. 
chlorine.     Thomson  first  ascertained.^  This   chemist  obtained  it,  by 
double  decomposition,  between  a  salt  of  barytes  and  chlo- 
ride of  lime.*  When,  however^  chlorine  gas  is  passed  over 
red  hot  barytes;  the  latter  is  decomposed,  oxygen  is  evolved^ 
and  the  resulting  compound  is  chloride  of  barium. 
Phoipharet     IX.  Phosphuret  of  barytes  may  be  formed  by  heating  its 
of  iMiytM.  ingredients  together,  in  a  tube,  closed  at  one  end.    A  rapid 
combination  takes  place,  and  the  phosphuret  is  formed.  It 
is  a  brilliant,  very  fusible  substance  of  a  dark  broWb  colour. 

■         *  ■        —  -  -  II  II  I       T 

*  Annftlt  of  Philotopliy,  (Mar. 1819}  p.  185. 
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When  thrown  into  water,  it  deoomposes  this  liquid;  the  Coap.  l 
hydrogen  of  which,  combining  with  part  of  the  phosphorus,  ' 

forms  hydroguret  of  phosphorus,  which  inflames  as  soon  as 
it  comes  in  contact  with  the  air;  while  the  oxygen  of  the 
water,  combiniog  with  the  remaiDiog  phosphorus,  forms 
phosphoric  acid. 

X.  Sulphuret  of  barytes  may  be  formed,  by  mekii^  its  Soiphnrct. 
constituents  together  in  a  crucible.  A  red  heat  is  required 
fear  the  fusion.  It  has  a  reddish-yellow  colour,  and  no 
smelL  When  exposed  to  the  air,  or  dissolved  in  water,  it 
becomes  decomposed;  and  hydrosulphuric  acid  (sulphuret* 
ted  hydrogen)  is  evolved.    .  ^ 

•  XI.  B»rytes,  as  has  been  already  mentioned,  is  an  oxide  Conttita- 
of  a  peculiar  metal,  which  has  been  called  barium.  Its.  exact  ~^°^  ^' 
composition  has  not  been  ascertained  by  any  direct  experi- 
ments. 

XII.  Barytes  acts  as  a  very  violent  poison  on  the  human  Bstytes,* 
system.  The  effects  of  the  chloride  of  barium  have  already  P<""<"** 
been  noticed;  and  the  cases,  in  which  it  has  been  used  as  a 
medicine,  pointed  out.  It  does  not  appear,  however,  that 

any  compound  has  been  used  medicinally,  in  which  barytes 
exists  ready  formed. 

XIII.  In  cases  of  poisoning,  by  barytes,  Orfila  recom-iu«iitido(K 
mends  the  swallowing  of  large  quantities  of  some  sulphate; 

such  as  of  sulphate  of  soda  (Glauber's  salt),  or  of  sulphate 
of  magnesia  (Epsom  salt).  In  this  way,  he  proposes  to 
form,  in  the  stomach,  a  sulphate  of  barytes;  which,  from 
its  great  insolubility,  may  be  considered  as  nearly  inert. 
Afterwards,  in  case  vomiting  does  not  take  place  sponta- 
neously, he  recommends  that  it  should  be  encouraged  by 
the  usual  methods.* 


SECTION  VII. 

OP  STHONTIAN.t 

I.  Strontian  may  be  obtained  pure  by  the  following  strantum; 
process:  Dissolve  the  mineral  called  strontianite  (carbonate  ^  oMrid- 
of  strontian)  in  nitric  acid:  this  acid  will  displace  the  car-     ^^' 
bonic  acid,  and  dissolve  the  strontian.  Evaporate  the  nitric 
solution,  until  it  form  crystals  of  nitrate  of  strontian;  and 

^^^— ——^——— —————— —i^—        ■  — ^—1— — — — ii^i». 

*  Nanerede's  abridgment  of  Orfila  on  Poiions,  p.  170. 
f  So  ealled,  from  haYiDg  been  first  foond  in  the  lead  mine  oC  StronHan^  in  Ar> 
gjlcahire*  SeoUand. 
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Bo#K  I.  expose  then  to  a  red  hett:  the  nitric  acid  will  tkereby  be 
jMrWooli.  driven  off,  and  the  Btronttan  left  pure. 
How  foaod.     1  !•  Strontian  has  been  found,  heretofore,  only  as  a  snl- 
phate,  or  a  carbonate*  It  was  discovered,  in  1791,  by  Dr« 
Hope« 
Propcrtiei      IIL  Strontian  is  a  porous  substance,  of  a  greyish- white 
of  itffwitl-   colour,  and  possessing  an  acrid  taste.  It  converts  vegetable 
blues  to  green.  It  attracts  moisture  and  carbonic  acid^  It  is 
not  poisonous;  and  acts  but  feebly  upon  animal  substances. 
It  tinges  fame  of  a  lively  purple  colour*   It  resembles  ba- 
rytes  in  many  respects;  but  it  may  be  distinguished  from  the 
latter,  by  the  colour,  with  which  it  tinges  flame;  and  by  its 
salts,  which  are  very  different  from  those  of  barytes. 

IV.  Strontian  is  between  three  and  four  times  as  heavy 
as  water. 
Strantna        V«  Like  the  other  alkaline  salifiable  bases,  strontian  is 
d^and^*  Capable  of  existing  in  two  states  of  combination  with  water, 
tolatioii.     The  hydrate  may  be  formed,  by  sprinkUng  strontian  with 
water.    The  strontian  swells,  becomes  hot,  and  falls  to 
powder,  exactly  as  barytes  does.  The  cold  solution,  when 
saturated,  contains  not  more  than  ffr^  P**^  ^  i^  weight  of 
strontian.    Barytes  is,  therefore,  much  more  soluble  than 
strontian.    The  hot  solution,  however,  contains  a  much 
larger  quantity;  and,  as  it  cools,  it  lets  fall  the  strontian  in 
the  form  of  crystals.    Crystallized  strontian  is  fusible  at  a 
red  beat;  but,  when  obtained  from  the  nitrate,  it  is  infusi- 
ble. The  fusibilir^  of  the  crystals  is  supposed  to  be  owing 
to  the  presence  of  water. 
Majbe  ta.      VI.  Thenard  has  recently  ascertained,  that  strontian  is 
perosidised  capable  of  being  peroxidized.  This  combination  has  already 

been  noticed,  under  the  name  of  peroxide  of  strontium* 
Forms  a         VII.  Chloride  of  strontian  may  be  formed,  by  double 
•ktoride.     decomposition,  from  a  salt  of  strontian,  and  chloride  of 
lime,   as    Dr.  Thomson  has   lately  ascertained.*    When, 
however,  chlorine  gas  is  passed  over  strontian,  at  a  red 
heat,  the  latter  is  decomposed,  oxygen  is  evolved,   and 
chloride  of  strontium  is  formed.   Iodine  combines  with 
strontian,  always  without  decomposition. 
CompQii.        VIII.  Strontian,  as  the  reader  has  already  been  inform- 
^nOaii.    ^  ^®  ^^  oxide  of  a  peculiar  metal,  which  l»s  been  called 
strontium.  Its  exact  composition  has  not,  as  yet,  been  as- 
certained by  any  direct  experiment. 

IX.  Strontian  has  no  uses,  either  in  medicine,  or  the 
arts. 

•  AbiiaU  of  PhiloMiiligr,  (M«.  ISIS)  p.  185. 
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SECTION  VIII. 

OF  MAGNESIA. 

(UanaBy  Mlled^  CakHi/td  Magnena.) 

!•  Magnxbia  may  be  obtained  pure,  by  dissolving  sul-  Magneak; 
phate  of  magnesia  (Epsom  salt)  in  water,  and  precipitating  ^  obtaitt- 
the  solution  by  potash.  The  potash  combines  with  the  sul-     ^*"^ 
phuric  acid,  and  remains  in  solution;  while  the  magnesia, 
being  insoluble,  falls  in  the  form  of  powder. 

II.  Magnesia  is  obtained,  by  the  apothecaries,  by  ex-  How  ob- 
posing,  in  a  crucible,  carbonate  of  magnesia  (common  mag-  ^^^  ^^ 
nesia)  for  several  hours,  to  a  red  heat.  The  carbonic  acid"***^"** 
is  thereby  driven  off,  and  the  magnesia,  left  pure.   From 

the  nature  of  this  process,  magnesia  is  very  frequendy  called 
calcined  magnesia* 

III.  Uncombined  magnesia  has  been  found  at  Hoboken,  How  fimnd. 
in  New- Jersey;  but  it  is  a  very  rare  mineral.  The  stones, 

which  contain  magnesia,  have  certain  external  characters, 
by  which  they  may  be  known.  They  have  an  unctuous  feel, 
a  greenish  colour,  a  fibrous  texture,  and  a  silky  lustre* 
The  salts  of  magnesia,  which  occur  native,  are  the  sulphate, 
carbonate,  and  borate. 

IV.  Magnesia  was  first  introduced  into  medicine,  at  the  Diaeoreqr* 
beginning  of  the  last  century.    Its  preparation  was  kept 
secret;  but,  notwithstanding,  it  was  discovered,  that  it  was 
present  in  the  lixivium,  remaining  after  the  preparation  of 
nitrate  of  potash  (nitre).  It  was,  however,  confounded  with 

lime,  by  most  chemists,  until  Dr.   Black   published   hisChemieai 
experiments  upon  it,  in  1755.    The  conclusions  of  ^^is  J^JjJJ^'jy" 
chemist  were  confirmed,  and  extended,  by  Margraff,  inbyBUek. 
1759;  and  by  Bergman,  in  1775. 

V.  Magnesia  is  a  very  soft,  white,  insoluble  powder;  its  proper* 
possessing  very  little  taste,  and  not  the  least  smell.    It*>»- 
converts  delicate  vegetable  blues  to  green.   When  exposed 

to  the  air,  it  absorbs  moisture,  and  carbonic  acid;  but  this 
absorption  goes  on  exceedingly  slow. 

VI.  Magnesia  is  about  two  and  one-third  times  as  heavy  8peo.gr«r. 
as  water.   It  is  infusible,  when  exposed  to  the  strongest      ^^ 
heat,  which  can  be  raised  in  a  furnace.  But,  by  subjecting 

it  to  the  heat,  produced  by  the  combustion  of  a  stream  of 
oxygen  and  hydrogen  gases.  Dr.  Clarke  succeeded,  with 
great  difficulty,  in  fusing  it  into  a  white  enameK 

VII.  Magnesia  is  decomposed,  at  a  red  heat,  by  chlo-  Ti  deeonv 
rine;  and  its  metallic  radical  magnesium  becomes  converted  S^J^^illS^ 
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do*Kl.   expose  them  to  a  red  heat:  the  mtric  add  will  thereby  be 
"^""^"'^  driven  oflF,  and  the  Btrontian  left  pore. 


Bow  found.  II*  Strontian  has  been  found,  heretofore,  only  as  a  siil' 
phate,  or  a  carbonate*  It  was  discovered,  in  1791,  by  Dr« 
Hope. 
Propertiet  III.  Stronttan  is  a  porous  substance,  of  a  greyisb- white 
of  atfoua-  colour,  and  possessing  an  acrid  taste.  It  converts  vegetable 
blues  to  green*  It  attracts  moisture  and  carbonic  acidL  It  is 
not  poisonous;  and  acts  but  feebly  upon  animal  substances. 
It  tinges  iame  of  a  lively  purple  colour*  It  resembles  ba- 
rjrtes  in  many  respects;  but  it  may  be  distinguished  from  the 
latter,  by  the  colour,  with  which  it  tinges  flame;  and  by  its 
salts,  which  are  very  diflerent  from  those  of  barytes. 

IV*  Strontian  is  between  three  and  four  times  as  heavy 
as  water* 
Strantin        V*  Like  the  Other  alkaline  salifiable  bases,  strontian  is 
Siite  anld^*  Capable  of  existing  in  two  states  of  combination  with  water. 


■oliitiQii.     The  hydrate  may  be  formed,  by  sprinkling  strontian 

water*  The  strontian  swells,  becomes  hot,  and  falls  to 
powder,  exactly  as  barytes  does*  The  cold  solotiou,  when 
saturated,  conuins  not  more  than-i^rd  part  of  its  weight  of 
strontian*  Barytes  is,  therefore «  much  more  soluble  than 
strontian*  The  hot  solution,  however,  contains  a  aMich 
larger  quantity;  and,  as  it  coob,  it  lets  fall  the  strontian  in 
the  form  of  crystals.  Crystallized  strontiaA  is  fusible  at  a 
red  heat;  but,  when  obtained  from  the  nitrate,  it  is  infuai- 
fale*  The  fusibility  of  the  crystals  is  supposed  to  be  owing 
to  the  presence  of  water* 
Maybe  nip  VI*  Thenard  has  recently  ascertained,  that  strontian  is 
P^'^*'**''*^  capable  of  being  peroxidizecU  This  combination  has  already 

been  noticed,  under  the  name  of  peroxide  of  atrontiiam* 
Fornua         VII*  Chloride  of  strontian  may  be  formed,  by  double 
"^""^^     decomposition,  from  a  sidt  of  strontian,  and  chloride  of 
lime,   as    Dr*  Thomson  has   lately  ascertained**    When, 
however,  chlorine  gas  is  passed  over  strontian,  at  a  red 
heat,  the  latter  is  decomposed,  oxygen  is  evolved,   and 
chloride  of  strontium  is  formed*   Iodine  combines  with 
strontian,  always  without  decomposition* 
Coiii|K»i.        VIII.  Strontian,  as  the  reader  has  already  been  inform- 
SSLI^f^     ed,  is  an  oxide  of  a  peculiar  metal,  which  Ins  been  called 
strontium*  Its  exact  composition  has  not,  as  yet,  been  as- 
certained by  any  direct  experiment. 

IX*  Strontian  has  no  uses,  either  in  medicine,  or  the 
arts* 


*  Annali  of  Phikwplij,  (M«.  1S19)  p.  185. 
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SECTION  VIII. 

OP  MAGNB8U. 

(UanaBy  Mlled»  Caieined  Ma^^neria.) 

h  Magnesia  may  be  obtained  pure^  by  dissolving  sul-  Magnetia; 
phate  of  magnesia  (Epsom  salt)  in  water,  and  precipitating  ^  obtiia- 
the  solution  by  potash.  The  potash  combines  with  the  sul-     ^*^' 
phuric  acid,  and  remains  in  solution;  while  the  magnesia^ 
being  insoluble,  falls  in  the  form  of  powder. 

II.  Magnesia  is  obtained,  by  the  qx>thecarie8,  by  ex*  How  oW 
posing,  in  a  crucible,  carbonate  of  magnesia  (common  mag-  ^^f^  for 
nesia)  for  several  hours,  to  a  red  heat.   The  carbonic  acid™**^°" 
is  thereby  driven  off,  and  the  magnesia,  left  pure.    From 
the  nature  of  this  process,  magnesia  is  very  frequendy  called 
calcined  magnesia* 

III.  Uncombined  magnesia  has  been  found  at  Hoboken,  How  feand. 
in  New- Jersey;  but  it  is  a  very  rare  mineral.  The  stones, 

which  contain  magnesia,  have  certain  external  characters, 
by  which  they  may  be  known.  They  have  an  unctuous  feel, 
a  greenish  colour,  a  fibrous  texture,  and  a  silky  lustre. 
The  salts  of  magnesia,  which  occur  native,  are  the  sulphate^ 
carbonate,  and  borate. 

IV.  Magnesia  was  first  introduced  into  medicine,  at  the  Diieoreqr* 
ming  of  the  last  century.    Its  preparation  was  kept 

secret;  but,  notwithstanding,  it  was  discovered,  that  it  was 
present  in  the  lixivium,  remaining  after  the  preparation  of 
nitrate  of  potash  (nitre).  It  was,  however,  confounded  with 
lime,  by  most  cnemists,  until  Dr.   Black    published   hisChemini 
experiments  upon  it,  in   1755.    The  conclusions  of  ^hisJjSlSJ' 
chemist  were  confirmed,  and  extended,  by  Margraff,  iubyBiMk. 
1759;  and  by  Bergman,  in  1775. 

V.  Magnesia  is  a  very  soft,  white,  insoluble  powder;  Hs  pnper« 
possessing  very  little  taste,  and  not  the  least  smell.   It*^- 
converts  delicate  vegetable  blues  to  green.   When  exposed 

to  the  air,  it  absorbs  moisture,  and  carbonic  acid;  but  this 
absorption  goes  on  exceedingly  slow. 

VI.  Magnesia  is  about  two  and  one-third  times  as  heavy  Speo.-  gnr. 
as  water.   It  is  infusible,  when  exposed  to  the  strongest      ^^ 
heat,  which  can  be  raised  in  a  furnace.  But,  by  subjecting 

it  to  the  heat,  produced  by  the  combustion  of  a  stream  of 
oxygen  and  hydrogen  gases.  Dr.  Clarke  succeeded,  with 
great  difficulty,  in  fusing  it  into  a  white  enamel. 

VII.  Magnesia  is  decomposed,  at  a  red  heat,  by  chio- li  dMonv 
rine;  and  its  metallic  radical  magnesium  becomes  converted  SCioriiiS^ 
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Book  I.    into  a  chloride*  It  combines  with  iodine,  however,  without 
PivitioD  n.  decomposition. 

Suiphnret  VI I L  Phosphuret  of  magnesia  has  never  been  formed, 
of  magiie-  But  the  sulphuret  may  be  obtained  by  heating  gently,  in  a 
"**  crucible,  one  part  of  sulphur,  and  two  parts  of  magnesia*  It 

is  in  the  form  of  a  yellow  powder,  slighdy  agglutinating* 
When  thrown  into  water,  it  causes  the  evolution  of  a  small 
quantity  of  hydrosulphuric  acid  (sulphuretted  hydrogen)* 
ComiKMi-        IX.  Magnesia,  like  all  the  other  alkaline  salifiable  bases, 
tiooofmag-is  n  metallic  oxide*  But  the  proportion,  in  which  its  con- 
stituents unite,  has  not  been  experimentally  ascertained* 
Its  me^oal     X*  Magnesia  is  a  very  valuable  medicine*  Its  effects  are 
nci.  those  of  an  antacid  and  gentle  aperient*    For  removing 

acidity  of  the  stomach,  it  acts  more  promptly,  and  with 
less  inconvenience,  than  carbonate  of  magnesia  (common 
magnesia). 

Theelassof     Having  finished  the  account  of  the  alkaline  salifiable 
im^ie^Ml^  ^**^*»  *^  ^8  now  proper  to  inform  the  reader,  what  proper- 
aes.  ehanc-  ties,  possessed  in  common  by  these  bodies,  constitute  the 
tertxed.      basis  of  their  arrangement  into  one  class*  The  usual  divi- 
sion of  the  salifiable  bases,  is  into  alkalies,  alkaline  earths^ 
earths,  and  metallic  oxides.  Now,  instead  of  the  two  first 
of  these  classes,  the  class  of  alkaline  salifiable  bases  has 
been  substituted*  Barytes  and  lime  do  not  stand  well,  sepa- 
rated from  potash  and  soda;  for  they  possess  the  distinctive 
properties  of  the  latter,  although  in  a  less  degree*  The 
same   remark,   with   very  litde   variation,  will   apply   to 
strontian* .  Magnesia  appears  to  be  on  the  line,  between 
alkaline  and  earthy  salifiable  bases;  but,  having  the  power 
of  changing  some  vegetable  blues  to  green,  it  has  been 
associated  with  the  former* 

So  that  the  common  property,  possessed  by  the  alkaline 
salifiable  bases,  is  that  of  changing  vegetable  blues  to 
green*  Besides  this  property,  these  bodies  have,  nearly  all, 
an  acrid  taste,  and  act  as  a  caustic  upon  the  skin* 


CLASS    II* 
EdRTHT  SALIFIABLE  BASES. 

Eartliv  saii-     The  earthy  salifiable  bases  are  the  following  bodies: 
fiablebaMi,  1,  Yttria*  3.  Alumina.  5*  Thorina* 

eDamerm.  ^^  Glucina.  4.  Zirconia*  6*  Silica* 

They  will  be  described,  in  the  order  in  which  they  have 
been  enumerated,  in  the  following  sections* 


YTTBIA.-  1119 
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SECTION  I. 


OP  TnTMA.* 


I.  Yttria  may  be  obtained  from  the  mineral,  caUedTttHftt 
gadolioite,  which  is  a  compound  of  this  salifiable  base  and  ^J|^^* 
silica,  combined  with  the  protoxides  of  cerium  and  of  iron, 
by  the  following  process:  Digest  the  mineral  in  aqua  regia, 
as  long  as  any  thing  is  dissolved;  and  evaporate  the  solu- 
tion obtained,  nearly  to  dryness.  Then  filter  it,  and  dilute 
it  with  a  considerable  quantity  of  water:  by  these  measures, 
the  silica  is  separatecL  Evaporate  the  liquid,  as  it  now 
stands,  to  dryness;  heat  the  dry  mass  to  redness,  and 
afterwards  redissolve  it  in  water,  and  filter  the  solutioa 
formed.  To  this  second  solution,  add  liquid  ammonia:  a 
powder  immediately  falls,  which  is  composed  of  oxide  of 
cerium,  and  yttria.  Dissolve  this  precipitate,  after  having 
been  heated  to  redness,  in  nitric  acid;  and  evaporate  the 
solution  to  dryness,  in  order  to  remove  any  excess  of  the 
acid.  Dissolve  the  dry  mass  in  150  times  its  weight  of 
water,  and  add  crystals  of  sulphate  of  potash  to  the  so- 
lution: after  the  lapse  of  a  few  hours,  as  the  crystals  gra- 
dually dissolve,  the  oxide  of  cerium  precipitates,  in  the 
form  of  a  white  powder.  Separate  the  oxide  of  cerium,  by 
the  filter;  and  add,  to  the  clear  solution,  liquid  ammonia. 
This  addition  throws  down  a  powder;  which,  after  being 
.  separated,  washed,  and  heated  to  redness,  is  pure  yttria. 

II.  Besides  in  gadolinite,  yttria  has  been  found,  in  the  MliMnlt, 
mineral  called  yttrocerite,  associated  with  lime,  thorina,  Jjjjy^^^ 
oxide  of  cerium,  and  hydrofluoric  (fluoric)  acid;  and  in 
yttrotantalite,  in  combination  with  columbium. 

III.  Yttria  was  discovered,  in  1794,  by  Gadolin. 

IV.  Yttria  is  in  the  form  of  a  fine,  white  insoluble  pow-  Praperdte 
der,  destitute  of  taste,  or  smell.  It  produces  no  change^^^^^ 
upon  vegetable  blues.  It  is  insoluble  in  alcohol,  or  in  pot- 
ash or  soda;  but  it  dissolves  in  the  carbonates  of  these 
alkaline  bases. 

V.  It  is  nearly  five  times  as  heavy  as  water.  It  is  the  Spec  guv. 
heaviest  of  the  earthy  salifiable  bases.  ****** 

VI.  Yttria,  as  has  already  been  mentioned,  is  a  com-CompoiK 
pound  of  a  peculiar  metal,  which  has  been  called  yttrium,  ^^' 
and  oxygen.  But  the  exact  proportion,  in  which  its  consti- 
tuents unite,  has  not  been  ascertained. 


*  From  Ytteriijy  Uie  name  of  a  Quarrr  in  Sweden;  where  the  nuBeral,  from 
whieb  jUria  waa  nrat  obtained^  wta  fgand. 
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MViMOIl  II* 

^ SECTION  It 

OF  OLUaNA.* 

Giuciwii  L  Glucina  fnay  be  obuined  from  the  beiyl  or  the 

od  muS^'  emenJcU  in  which  it  is  combined,  principatly,  with  silica 
and  alumina,  by  the  following  process:  Reduce  the  stone  to 
powder,  and  fuse  it  with  three  times  its  weight  of  potash* 
After  the  mass  has  been  diluted  with  water,  dissolve  it  in 
hydrochloric  (muriatic)  acid,  and  evaporate  the  solution 
formed  to  dryness.  Treat  the  dry  mass  with  a  large  quan- 
tity of  water,  and  throw  the  whole  upon  a  filter:  the  glu- 
cina, and  alumina,  in  the  state  of  solution  in  hydrochloric 
acid,  pass  through;  while  the  silica,  which  constitutes  more 
than  half  the  stone,  remains  behind,  retained  by  the  filter* 
To  the  clear  solution,  thus  obtained,  add  carbonate  of  pot- 
ash (salt  of  tartar),  as  long  as  this  salt  produces  any  preci- 
pitate: this  reagent  will  throw  down  the  glucina  and  ahi- 
mina,  in  a  state  of  mixture*  Dissolve  the  precipitate  thus 
obtained,  after  being  washed,  in  sulphuric  acid;  add  to  the 
solution  formed,  sv^hate  of  potash;  and  then  evaporate  it 
to  a  proper  consistency,  and  let  it  stand  to  crystallize: 
crystals  of  alum  will  form,  which  will  contain  the  whole  of 
the  alumina*  Separate  the  crystals  from  the  soludon;  ud, 
to  the  remaining  liquid,  add  a  solution  of  carbonate  of  am» 
monia,  in  excess*  Then  filter  the  whole,  and  boil  it  for 
some  time*  A  powder  gradually  falls,  which  consists  of 
glucina* 
In  whtt  II*  Glucina  has  been  found,  heretofore,  only  in  the  ber3rl, 

1^"^*^     and  the  emerald.  The  beryl  is  found,  particularly,  in  Siberia; 
the  emerald  comes  chiefly  from  Peru* 

III*  Glucina  was  discovered,  in  1798,  by  VauqueliiK 
Ite  ^mfm-      IV*  Glttdna  is  in  the  form  of  a  soft,  light,  white  powder, 
^*^  destitute  of  taste,  or  smell*  It  is  insoluble  in  water,  or  al- 

cohol; but  dissolves  in  solutions  of  potash  or  soda* 
Sp^^X*^'     V.  It  is  very  nearly  three  times  as  heavy  as  waten 
Compott-        ^'*  Glucina  is  an  oxide  of  a  peculiar  metal,  which  has 
tlM.  been  named  glucinum*  Its  exact  composition,  however,  is 

not  known* 


*  From  xxtmOri  fwseti  on  seooontof  the  tvcet  taite  of  the  whs,  whidi  it 
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SECTION  III. 

OF  ALUMINA.* 

L  Aluxina  may  be  obtained  by  the  following  process:  AlamiMi; 
Dissolve  alum,  which  is  a  compound,  principally,  of  sul-  ^^  obufa- 
phuric  acid  and  alumina,  in  water;  and  add  to  the  solution,     ^'^* 
liquid  ammonia,  as  long  as  aay  precipitate  appears:  the 
greater  part  of  the  sulphuric  acid,  present  in  the  alum, 
combines   with   the  ammonia,  and  remains  in    solution; 
while  a  small  remainder  of  it  falls  in  combination  with  the 
alumina.   Wash  the  precipitate,  thus  obtained,  in  a  large 
quantity  of  water;  and  then  heat  it  strongly  in  a  platinum 
crucible:  the  small  portion  of  sulphuric  acid  present  is 
thereby  driven  off,  and  the  alumina,  obtained  pure. 

II*  Alumina  exists  very  abundantly  native.  It  constitutes  Eziitiiik 
a  large  amount  in  all  clays,  and  exists  in  a  great  number  of  ^*7'' 
mmerals* 

III*  The  discovery  of  alumina,  in  a  pure  state,  is  very  Aeeomit  af 
much  connected  with  the  investigsttions,  made  by  chemists,  ^  ^""^^ 
into  the  nature  of  alum.  This  latter  substance  was  early 
known  to  contain  sulphuric  acid,  and  an  earth*  This  earth 
was  supposed  to  be  lime,  by  Stahl  and  Neumann.  Tliis 
supposition  was  proved  to  be  incorrect,  in  '1738,  by 
Geoffroy,  junior;  who  identified  it  with  the  earth,  which 
exists  so  abundantly  in  clay.  In  1754,  Margraff  confirmed 
the  conclusions  of  Geoffroy,  obtfiined  the  earth  in  tolerable 
purity,  and  described  its  peculiar  properties.  Since  that 
time,  its  nature  has  been  fully  investigated  by  Macquer, 
Bergman,  Scheele,  and  Saussure,  junior. 

IV.  Alumina  is  a  fine  white  powder,  destitute  of  tabte  Propcrtm 
or  smell.  It  adheres  strongly,  when  applied  to  the  tongue,  of  aM^*- 
It  is  insoluble  in  water;  but  dissolves  readily  in  solutions  of 
potash  or  of  soda*    When  exposed  to  heat,  it  suffers  con^' 
traction.  At  low  temperatures,  this  contraction  is  probably 
owing  to  the  dissipation  of  moisture;  but,  at  high  ones,  it 

takes  place  also,  witliout  losing  any  sensible  weight.  In  the 
latter  case,  the  increase  of  density  majr  be  accounted  for  by 
supposing  a  more  intimate  union  of  the  pamides  of  the 
alumina. 

V.  Alumina  is  about  twice  as  heavy  as  water.  When 


*  From  tUumen,  the  Latin  for  alam,  the  •ubstante  from  which  it  wm  irtt  ob- 
tained in  a  state  ef  purity;  to  eaUed  by  Horvean. 
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Book  I.    exposed  to  the  violent  heat,  produced  by  the  combustion  of 
PivirioD  It  charcoaU  by  means  of  a  stream  of  oqcygen  gas;  it  undergoes 
the  commencement  of  fusion,  and  is  converted  into  a  very 
hard,  semi-transparent  enameL 
Hydrate  of      VI.  Alumina  combines  with  water,  in  the  form  of  a 
•lomiM.     hydrate.  It  is  always  in  this  state,  when  precipitated  from 
solution  in  acids.    In  the  state  of  dry  hydrate,  it  is  capable 
of  absorbing,  and  retaining,  about  two  and  a  half  times  its 
bulk  of  water.   It  exists,  in  the  state  of  hydrate,  in  the  mi- 
neral called  wavellite* 

VII.  Alumina,  in  combination  with  peroxide  of  iron, 
forms  the  yellow  paint,  called  yellow  ochre. 

VIII.  When  alumina  is  heated,  with  either  potash  or 
soda;  a  loose  mass  is  formed,  destitute  of  transparency* 

'  Wht:n  dissolved  in  solutions  of  these  alkaline  bases,  it  may 

,  be  precipitated  from  them,  by  means  of  an  acid.   Alumina 

is  usually  obtained,  in  a  state  of  purity,  by  this  method* 
Compod-  IX.  Alumina  is  a  compound,  as  the  reader  has  already 
^of  ala*  been  informed,  of  oxygen,  and  a  peculiar  metal,  which  has 
been  named  aluminum.  But  the  proportion,  in  which  its 
constituents  are  combined,  has  not  been  correcdy  ascer- 
tained. 

X.  Alumina  constitutes  the  chief  material  in  China  and 
stone-ware  of  all  kinds.  In  dyeing,  and  in  calico-printing, 
it  is  of  indispensable  utility* 


SECTION  IV. 

OF  ZIRCONIA.* 

Zntmrnt  L  ZiRCONiA  may  be  obtained  from  the  zircon,  or  the 
^J^^jJ^^hyacfath,  both  of  which  minerab  are  composed  almost 
entirely  of  zirconia  and  silica,  by  the  following  process: 
Fuse  the  pulverized  stone,  in  a  crucible,  with  three  times 
its  weight  of  potash*  Wash  off  the  potash,  by  means  of 
water;  and  treat  the  residue  with  hydrochloric  (muriatic) 
acid^  as  long  as  this  acid  dissolves  any  thing:  the  hydro- 
chloric acid  will  dissolve  the  zirconia,  and  leave  the  silica 
untouched*  But,  lest  the  hydrochloric  solution  should  con- 
tain some  silica,  boil  it  for  some  time;  whereby  any  of  this 
earthy  base,  which  may  be  present,  will  fall  in  a  state  of 
powder*  After  having,  in  this  way,  freed  the  acid  solution 

•  From  srcon,  Uie  name  of  the  ttODe»  from  vliieh  Uiii  MliSftble  biMO  WM  firpt 
Obtained. 
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•f  the  xirconia,  from  silicai  add  to  it  liquid  potash:  the  Cbap.l 
potash  instantly  separates  the  acid,  with  which  it  remains        '    " 
in  solution;  while  the  zirconia,  in  a  pure  state,  precipitates 
in  the  form  of  a  powder. 

II«  Zirconia  has  been,  heretofore,  found  only  in  twolnwhtt 
minerals;  the  zircon  and  the  hyacintli.  The  former  usually  ^^^^ 
comes  from  Ceylon;  the  latter  is  found  in  the  same  island, 
and  also  in  France,  and  other  parts  of  Europe.  It  was  dis- 
covered, in  1789,  by  Klaproth. 

Ill*  Zirconia  is  in  the  form  of  a  fine  powder,  of  a  white  Iti  proper- 
colour,  and  harsh  feel.   It  is  destitute  of  taste  or  smell.  It*'^ 
produces  no  effect  upon  vegetable  blues*   It  is  insoluble  in    " 
water,  alcohol,  or  in  solutions  of  potash  or  of  soda;  but 
dissolves  in  solutions  of  the  carbonates  of  these  alkaline 
bases* 

IV*  Zirconia  is  more  than  four  times  as  heavy  as  water* 
Its  fusing  point  is  lower  than  that  of  any  other  earthy  sali- 
fiable base*  It  may  be  softened  by  the  heat  even  of  a  good 
forge. 

V*  Zirconia  is  capable  of  forming  a  hydrate*  It  always  Hydrate  oT 
exists  in  this  state,  when  obtained,  by  precipitation,  from  ^'^^''^ 
solution  in  acids,  and  dried  slowly,  at  a  moderate  heat- 
When  thus  combined  with  water,  it  has  a  yellow  colour; 
and  a  certain  degree  of  transparency,  which  gives  it  some 
resemblance  to  gum  arable* 

VI*  Zirconia  has  been  ascertained  to  be  an  oxide  of  a  Compo«- 
peculiar  metallic  substance,  which  is  called  zirconium;  but**^^*^* 
its  exact  composition  has  not  been  made  out* 


SECTION  V* 

OP  THORINA.* 

I*  Thorina  may  be  obtained  from  the  ininerals,  con-  TlMiri&a; 
taining  protoxide  of  cerium  and  y ttria;  by  the  following  ^  ***^"'' 
process:  Dissolve  the  mineral  in  aqua  regia;  and,  after  hav- 
ing saturated  the  filtered  solution  with  liquid  ammonia,  add 
to  it  succinate  of  ammonia,  as  long  as  any  precipitate  may 
appear:  the  succinate  of  ammonia  will  throw  down  the  iron* 
Separate  the  iron  by  the  filter,  and  add  to  the  clear  solution, 
sulphate  of  potash:  this  addition  will  precipitate  the  oxide 
of  cerium*  After  the  oxide  of  cerium  is  separated;  add,  to 
the  remaining  solution,  liquid  ammonia:  this  addition  throwa 

*  From  Thtr^  tkit  nane  of  ui  mtient  Seudina^jan  deitj. 


J74  BARTHT  8ALDHABU  BA8BS. 

BoaK  I.  down  thorina,  in  m  state  of  mistore  with  yttmu   War  the 

Ptfiwon  n.  purpose  of  separating  the  yttria;  dissolve  the  preci|utate 

m  hydrochloric   (muriatic)  aoid,  evaporate  the  soiutioa 

to  diyness,  and  treat  the  dry  mass  with  boiling  waten  the 

washing  with  boiling  water  will  remove  nearly  all  the  yttria* 

Dissolve  the  part  of  the  mass,  not  acted  upon  by  the  water^ 

in  hydrochloric  acid,  and  evaporate  the  solution,  until  it  be^ 

come  ezacdy  neutral;  then  treat  it  with  water,  and  boil  far 

an  instant:  the  small  remainder  of  yttria,  present,  will  remain 

in  solution;  while  the  pure  thorina  will  fall  in  the  form  of 

a  powder* 

Where  II*  Thorina  has  been  heretofore  detected,  only  in  oeftain 

foand.        minerals  of  Sweden.  It  was  discovered  in  1815  by  Ber- 

zelius. 
Its  proper-       III.  Thorina,  when  first  separated  by  the  filter,  is  a  ge- 
^**^  latinous  semitransparent  mass.  When  dried,  it  becomes  of 

a  white  colour.  When  exposed  to  the  air,  it  absorbs  carbo* 
nic  acid.  Its  specific  gravity  has  not  been  ascertained.  It 
does  not  fuse  when  exposed  to  the  highest  heats,  which  can 
be  raised;  but  contracts  in  its  dimensions,  and  acquires  a 
certain  degree  of  translucency. 
SqMMMed  IV.  Thorina  is  presumed,  by  Berzelius,  to  be  a  metallic 
Si^  *«S^  oxide.  To  its  hj^thetical  radical,  this  chemist  has  given 
the  name  of  thonnunu 


SECTION  VI. 

OF  SIUCA.* 

Biliet;  bov     I.  SiLicA  may  be  obutned  pure  by  the  following  pro- 
^"•^     cess:  Fuse  together,  one  part  of  pounded  flint,  and  three 
parts  of  potash,  in  a  crucible:  this  fusion  will  render  the 
whole  soluble  in  water.    Dissolve  the  mass  in  water;  and 
add,  to  the  solution,  hydrochloric  (muriatic)  acid,  suffi* 
cient  to  satnrate  the  potash;  and  then  evaporate  to  dryness. 
The  dry  mass  consists  of  silica  and  chloride  of  potassium 
(muriate  of  potash)?  the  chloride,  being  soluble,  may  be 
washed  off  by  means  of  a  large  quantity  of  water;  so  that 
nothing  will  remain  but  pure  silica. 
In  what  mi-     II.  Silica  is  the  ingredient  most  abundandy  present,  in 
IISSH^^'  stony  bodies.  Flint  is  composed,  almost  entirely,  of  silica* 
All  those  rocks,  which  are  cdled  ouartz,  owe  their  peca« 
liarides  to  the  presence  of  this  earmy  base;  which  consti- 
tutes by  much  the  greater  portion  of  them. 

*  Fiom  SU9X,  the  tjitfai  word  forfllet. 
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III.  An  those  stones,  which  are  capable  of  being  fused,  Ohaf.  I. 
into  a  glass,  with  potash  or  soda,  were  formerly  called  vi-  it,  peeuiUr 
trifiable  stones.  They  were  considered  to  derive  their  pecu-  mture  •». 
liar  properties  from  the  presence  of  a  certain  earth,  which  ••'^^•^ 
was  called  silicious  earth.    The  existence  of  such  an  earth 

was  afterwards  called  in  question;  and  certain  chemists  as- 
serted, that  it  might  be  converted  into  othpr  earths*  These 
doubts,  however,  were  afterwards  removed  by  Scheele  and 
Bergman;  who  established  the  peculiar  nature  of  silica,  be- 
yond all  further  controversy. 

IV.  Silica  is  a  white  powder,  having  a  harsh  feel;  bat  Pro|>erties 
no  taste  or  smell.  It  is  insoluble  in  all  the  acids,  except  the  ^^'^^ 
hydrofluoric  (fluoric);  with  which  it  forms  a  compound, 
having  acid  properties.   It  is  soluble  in  solutions  of  potash 

or  of  soda.  It  produces  no  change  upon  vegetable  blues. 
It  is  found  native,  crystallized,  under  the  form  of  rock 
crystaL  It  has  been  crystallized  artificially;  but  the  crystals, 
thus  obtained,  have  not  the  hardness  and  beauty  of  those 
formed  by  nature. 

V.  Silica  is  about  two  and  two-third  times  as  heavy  as  spec  ftmy. 
water.  It  is  exceedingly  infusible:  by  the  agency  of  the  most      ^^ 
intense  heats,  which  can  be  raised,  only  minute  portions  of  it 

can  be  brought  into  a  state  of  fusion.  It  is  perfectly  insoluble 
in  water,  unless  when  newly  precipitated;  and  even  then,  it 
requires  1000  times  its  weigiit  of  this  liquid,  to  dissolve  it. 
VL  When  silica  is  dissolved  in  solutions  of  potash  or 
of  soda,  and  either  of  these  alkaline  bases,  saturated  with  an 
acid;  upon  evaporating  the  solution,  the  silica  will  assume 
the  form  of  a  gelatinous  mass;  which  becomes  a  white  pow- 
der, when  dried.  Silica  combines  with  these  alkaline  bases  siimfora* 
also,  by  fusion.  When  the  alkaUne  base  exceeds  the  silica;  l^  ^r^ 
the  compound  is  soluble  in  water:  on  the  other  hand,  if  the  ^^I'or 
silica  be  in  excess;  the  coippound  is  insoluble^  and  ooasti-  loda. 
tutes  that  useful  substance  cidkd  glass. 

1.  Glass  is  a  very  hard,  brittle,  transparent  substance;  Giinte- 
fusible  at  a  strong  heat,  when  it  becomes  exceedingly  due-  ^''^- 
tile.  It  becomes  electric  by  friction.  It  is  insoluble  in  wa- 
ter, alcohol^  and  in  all  the  acids,  except  the  hydrofluoric 
(fluoric). 

2.  Glass  is  of  several  kinds*  The  prineipal  of  these  are 
known  by  the  names  of  flint  glass,  crown  g^ass,  and  bottle 
l^s*  Flint  glaa9  is  the  dearest,  most  transparent  and  beau- 
tiful. Besides  sand  and  soda,  it  contains  red  oxide  of  lead 
and  peroxide  of  manganese.  The  finest  and  most  costly 
vessels  and  ornaments  of  glass  are  made  of  this  kind. 
Crown  glass  is  composed  of  soda  and  fine  sand;  it  is  used 
for  window  g^ass.  Mottle  glass  is  made  of  soda  and  com- 
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Book  L    mon  sand.  It  is  the  cheapest  and  most  common  of  aB  the 
Divfaloo  n.  i^inds  of  glass.  Its  green  colour  is  owing  to  the  presence  of 

oxidized  iron* 
ADDeding  3.  All  vessels,  of  any  thickness,  made  of  glass,  require 
dmoribed.  jq  \^  exposed  to  a  red  heat,  and  then  gradually  cooled 
to  the  temperature  of  the  atmosphere.  The  purpose,  to 
be  answered  by  this  exposure,  is  to  prevent  the  brittleness, 
which  glass  always  acquires,  when  suddenly  cooled;  and 
which  is  supposed  to  depend  upon  an  unequal  contraction 
of  the  diifcrent  strata  of  its  particles.  The  unequal  contrac- 
tion  is  entirely  prevented,  when  the  glass  is  gradually  cool- 
ed. This  process,  for  guarding  against  the  brittleness  of 
glass,  is  called  annealing. 

VII*  Silica  and  alumina,  when  mixed  and  exposed  to  a 
very  strong  heat,  are  converted  into  a  kind  of  opaque  glass* 
These  earthy  bases  constitute  the  chief  part  of  porcelain, 
stoneware,  bricks  and  similar  substances*  Different  clays 
are  made  up,  principally^  of  a  mixture  of  alumina  and  silica* 
doB^.  VIII*  SUica,  as  the  reader  has  already  been  informed,  is 
lioaof  nlifls.  an  oxide  of  a  peculiar  substance,  which  is  usually  classed  as 
a  metal,  called  silicum*  It  is  composed  of 

Silicum  8 

Oxygen  8— one  atom* 

le 

If  the  accuracy  of  the  data,  upon  which  the  above  ana* 
lysis  is  founded,  could  be  depended  upon;  then,  supposing 
silica  to  be  a  compound  of  one  atom  of  each  of  its  consti- 
tuents, the  weight  of  an  atom  of  silicum  would  be  8;  and 
that  of  an  atom  of  silica,  16* 


DeAnidoB       The  accottut  of  the  earthy  salifiable  bases  being  thus  fi- 
jJ^|«2J*"*nished;  it  is  now  proper  to  inform  the  reader,  what  distinc- 
ttxSSS    tive  properties,  possessed  in  common  by  these  bodies,  form 
the  basis  of  their  arrangement  into  one  class.  These  bodies 
were  treated  of,  in  a  separate  class,  long  before  it  had  been 
suspected,  that  they  were  chemically  constituted,  in  the  same 
manner,  as  the  compounds,  usually  called  metallic  oxides; 
and  they  have  continued  to  be  associated  together  ever 
since,  from  the  influence  of  habit*  Perhaps,  without  much 
want  of  precision,  the  earthy  salifiable  bases  might  be  de- 
fined, to  be  oxides  (not  having  alkaline  properties)  of  metals, 
which  occur  in  nature,  always  combined  with  oxygen*  Such 
a  definition  might,  indeed,  include  several  of  the  metallic 
oxides,  (so  called);  but  the  want  of  any  precise  marks,  by 
which  to  distinguish  the  earthy  salifiable  bases,  from  some 
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of  tfie  fxydies,  usualtf  caHed!  tnetaUic  oxides,  has  already  Chav.  l 

been  noticed,  as  an  imperfection  fan  the  arrangetoent,  which  ^ 

has  been  adopted. 


CLASS  III. 
6ALIFMBLE  BA8B8, 

BArtNG  WEi^BMR  ALKALiVX  NOR  EAR^BT  PSOPBRfiBS. 

Salifiable  bases,  which  have  neither  alkaline  nor  earthy  S^i>^^J.e 
properties,  include  nearly  all  the  oxides  of  the  following  thini  gum,^ 

metals,  viz:  are  the  ox- 

ides of  oer- 

1.  Iran.  7.  ZiiM.  13.  Silter.  ISl  Otmiom^  tain  metab; 

i.  NiekeL  8.  Lead  14.  Gold.  90.  TiUnium. 

a  Cobalt  ^  Tin.  15.  Platiniim.  9i.  Antimony. 

4»  MaagaiMte.  10.  Copper.  16w  Fitiladiwn.  S8.  TeUariuiu. 

5.  Cerium*  11.  Bismiith.  17.  Rhodium. 

6t  Unnihim.  12.  Mercary.  It.  fridiom. 

If  the  arrangement,  adopted  in  the  present  work,  had 
been  pursued  with  attention  to  rigid  accuracy;  the  descrip- 
tion of  these  oxides  ought  to  have  been  postponed  for  this 
place.  But  several  good  reasons  conspired  to  dissuade  from 
the  adoption  of  such  an  arrangement.  The  alkaline  salifiar 
ble  bases  are  too  important,  to  be  described  under  the  me- 
tals, of  which  they  are  the  oxides.    The  earthy  salifiable 
bases  had  been  long  considered  as  simple  substances;  and 
arranged  accordingly  by   themselves.  This   circumstance,^ 
taken  in  conjunction  with  the  importance  of  some  of  them, 
made  it  expedient  to  give  them  a  separate  consideration. 
No  such  reasons,  however,  exist  in  favour  of  the  measure 
of  separating  the  oxides,  which^  are  neither  alkaline  nor 
earthy  in  their  properties,  from  the  metals,  of  which  they 
are  formed.   Accordingly  these,  oxides  have  been  described 
under  the  heads  of  their  respective  metallic  radicals:  and  JJ^^,^ 
they  are  taken  up  again,  in  this  place,  only  for  the  sake  of  veoeniiij, ' 
perspicuity;  and  to  enable  the  reader  to  take  a  complete  »^^P^^ 
view  of  aU  the  salifiable  bases. 

Of  the  metals,  which,  by  their  combinations  with  oxygen,  J'**."^'^ 
give  rise  to  the  formation  of  salifiable  bases  of  the  third  |hbei«M 
class,  seven  appear  to  be  capable  of  forming  but  one  oxide;  areveryTa- 
namely,  zinc,  bismruth,  silver,  palladium,  osmium,  antimo-  ^}J^  nHfitL- 
ny*  and  tellurium:  three  are  capable  of  forming  three  ox-  ble  power, 
ides;  namdy,  manganese,  rhodium  and  titanium;  and  all 

*  Id  this  itatemeot,  the  word  oxide  is  used  in  the  strict  sense.  Of  ooone  anti- 
aonioiu  aaid  and  antimoDie  add  are  not  Indiided  under  its  mcaniDg. 
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Book  I.  the  rest,  but  two  oxides.  The  oxides  of  zinc,  bismudi  and 
DivMion  tl.  5i|ye|.  have  the  salifiable  property  in  a  very  perfect  degree. 
As  far  as  the  oxide  of  palladium  is  known,  it  does  not  seem 
to  possess  the  salifiable  power  in  any  remarkable  degree. 
No  experiments  have  proved  that  oxide  of  osmium  is  not 
salifiable;  and  yet  it  is  not  known  to  enter  into  the  compo- 
sition of  any  salt:  in  strict  propriety  it  ought  not  to  stand 
here.  Oxide  of  antimony  enjoys  the  property  of  neutraliz- 
ing acids,  only  in  a  slight  degree;  and  requires  almost 
always,  in  its  saline  combinations,  to  be  associated  with  a 
second  base.  Oxide  of  tellurium  possesses  the  properties  of 
an  acid,  more  than  those  of  a  salifiable  base;  it  enjoys  but 
a  very  imperfect  neutralizing  power. 

Of  the  metals,  which  combine,  in  three  proportions  with 
oxygen,  the  middle  oxides  are  not  known  to  be  salifiable. 
The  remaining  oxides,  included  under  this  class  of  sa- 
lifiable bases,  are  very  various  in  their  salifiable  property. 
The  protoxides  and  peroxides  of  iron,  of  nickel,  of  manga- 
nese, of  cerium,  of  uranium,  of  tin,  of  mercur}',  of  gold,  of 
platinum,  and  of  titanium,  are  both  salifiable;  but  not  in 
equal  degrees  for  all  these  metals.  Of  tin  and  mercury, 
both  the  oxides  possess  the  salifiable  property  in  nearly 
equal  degree;  but  the  oxides  of  the  former  metal,  have  little 
affinity  for  acids.  Of  all  the  other  metals,  just  enumerated, 
except  gold  and  platinum,  the  protoxides  combine  with 
acids,  with  the  greatest  facility.  With  regard  to  the  oxides 
of  gold,  there  is  some  doubt  whether  the  protoxide  is  sali- 
fiable; at  least,  this  oxide  enters  into  but  one  known  salt. 
Of  the  oxides  of  platinum,  the  peroxide  seems  to  be  the 
most  readily  salifiable.  Of  some  of  the  metals  which  have 
been  enumerated,  as  furnishing  the  salifiable  bases  of  this 
class,  the  protoxides  only  are  salifiable.  This  is  the  case 
with  cobalt  and  lead;  for  the  peroxides  of  these  metals  do 
not  enter  into  the  composition  of  any  salt.  On  the  other 
hand,  the  peroxides  of  copper  and  rhodium,  appear  alone  to 
be  salifiable;  while  their  protoxides  do  not  possess  this  pro- 
perty. With  respect  to  iridium,  too  little  is  known,  to  ena- 
ble a  decision  to  be  made,  with  regard  to  the  relative  sali- 
fiable power  of  its  oxides. 


With  this  general  account  of  the  salifiable  bases  of  the 
third  class;  the  consideration  of  the  whole  of  the  salifiable 
bases^  is  completed.  Supposing  that  all  the  oxides  of  the 
metals,  which  furnish  the  third  class  of  salifiable  bases. 


aAUFIABLE  BASES*  NOT  ALKAUNE  OR  EARTHY.  ^yg 

were  really  known  to  enter  into  the  composition  of  some    Chaf.  r. 
salt;  then  the  total  number  of  salifiable  bases  of  all  kinds 
would  be  54:  namely, 

8  Alkaline  salifiable  bases; 
6  Earthy  salifiable  bases;  and 
40  Salifiable  bases  having  neither  alkaline,  nor  earthy 
properties. 

Upon  taking  a  general  view  of  the  salifiable  bases,  it  is 
very  readily  perceived  that  these  bodies,  in  chemical  nature, 
bear  a  very  exact  analogy  to  each  other;  being  all,  with  the 
exception  of  ammonia,  metallic  oudes.  They  are  all  solids, 
the  same  substance  excepted.  A  comparative  view  of  their 
properties  may  be  seen  in  the  following  tables. 
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aAVJHG  NEITHER  ALKALINE  NOR  EARTBT  PROFERriES, 


NAMES. 


coLOua 


COMPOSITION. 


1.  Protoxide  of  Iron. 


Black. 


Iron 
Oxygen 


S8 — one  atom. 
8 — one  atom. 


S.  Peroxide  of  Iron. 


«   .  I  '■'**''  56— two  atoms. 

uea.  I  Qxypen  24„Hj|^e  atoms. 


3.  Protoxide  of  NiekeL 


4b  Peroxide  of  NiekeL 


Ash-grey. 


Black. 


Nickel 
Oxygen 


27— one  atom. 
8— one  atom. 


Nickel  54^ two  atoms. 

<>xygen  84— thre«'  atoms. 


5.  Protoxide  of  CobaH. 


6.  Peroxide  of  Cobalt.* 


Blue. 


Black. 


Cobalt 
Oxygen 


29— <»neatom. 
8— H)ne  atom. 


Cobalt 
Oxygen 


58 — two  atoms. 
81— 


*  n_^    .J     r»*  rki'     1  Mangancte     88 — one  atom. 

7.  Protoxide  of  Manganese.        Olive-green.      Ox?«n  8— one  atom. 


8.  Deatoxide  of  MaDganese-t 


9.  Peroxkie  of  Manganese. 


Black. 

bark 
steel-grey. 


Oxygen 

Manganese     56— two  atoms. 
Oxygen  84— three  atoms. 


Manganese     88— one  atom. 
Oxygen  1 6— two  atoms. 


10.  Protoxkle  of  Ceriam. 


White. 


11.  Peroxkie  of  Ceriam. 


Reddish- 
brown 


18.  Protoxkle  of  Uranium. 


IS.  Peroxide  of  Urantam. 


Greyish- 
bUck. 


Yellow. 


Urantam       185— one  atom. 
Oxygen  8— .one  atom. 


Uranium       85(>— two  atoms. 
Oxygen  84 — three  atoms. 


14.  Oxide  of  Zinc 


White. 


Zinc 
Oxygen 


Sd— one  atom. 
8 — one  atom. 


15.  Protoxide  of  Lead. 


16.  Peroxkie  of  Lead.* 


Yellow. 


Flea-brown. 


Lead 
Oxygen 


104— one  atom. 
8— o«e  a  om. 


Lead  1(4— one  atom. 

Oxygen  l6— two  atoms. 


17.  Protoxkle  of  Tin. 


18.  Peroxkie  of  Tin. 


Dark-grey. 


Yelk>w. 


Tm 
Oxygen 


59— one  atom. 
8— one  atom. 


— n — 
m 


Oxygen 


59'— one  atom. 
16— two  atoms. 


19.  Protoxide  of  Copper* 


80.  Peroxide  of  Copper. 


Yellow. 


Black. 


81.  Oxide  of  Bismuth. 


YeUow. 


Copper  64— one  atom. 

Oxygen 8^-one  atom. 

Copper  '         64 — one  atom. 
Oxygen  16— two  atoms. 

71.— one  atom. 
8-M>ne  atom. 


Bismuth 
Oxygen 


88.  Protoxkle  of  Mereeary. 


BUck. 


83.  Peroxide  of  Mercury. 


Briffbt 
scarlet. 


I  Mercury      800— one  atom. 
Oxygen  8— one  atom. 


Mercai7       800— one  atom. 
Oxygen  16— two  atoms. 


Weight 
of  an 

atoiti  oC 
each. 


36 


80 


35 


78 


37 


36 


80 


44 


133 


874 


41 


112 


180 


67 


75 


78 


80 
79 


808 


816 


*  The  oxides  marked  thus  *  do  not  possess  the  salifiable  property, 
t  This  oxide  b  not  known  to  enter,  m  a  constituent,  into  any  talt. 
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NAMES. 


25.  Protaside  of  Gold.* 


COLOUR 


COMPOSITION. 


9L  Oxide  of  Silver. 


Dark  olire- 
brown. 


Silver 
OxTA-n 


no— one  atom. 
8— ooe  atom. 


Green. 


86.  Peroxide  of  Gold. 


Keddiah- 
brown. 


Gold 
Oxygen^ 

Gold 
Oxygen 


900— Hine  atom. 
8— one  atom. 


90O— one  atom. 
24— three  atoma. 


87.  Protoxide  of  Platinum.        I    Deep-blaek. 


88.  Peroxide  of  Platinum. 


29.  f>xide  of  Palladiam. 


SO   Protoxide  of  Rhodium. 


Dark. 

brovn. 


Chetnat- 
brown. 


■A 


Palladium 
Oxygen 


56— one  atom. 
8— doe  atom. 


Black. 


81  Deutoxide  of  Rbodinm.4 


Brown. 


88.  Peroxide  <ff  Rhmlium. 


Bed. 


Sa.  Protoxide  of  Iridium. 


35.0zideofOimiura4 


34.  Peroxide  of  Iridium. 


Semi-trans- 
parent. 


36.  Protoxide  of  TiUntnm. 

37.  Deutoxide  of  TiUnium.t 


88.  Peroxide  of  Titanium. 


Blue,  or 
I       purple. 


Red. 


White. 


38.  Oxide  of  Antimony. 


Dirty 
white. 


294 


64 


40.  Oxide  of  Tellariam.$ 


White.        I  "T***"""™      38— one  atom. 
I  Oxygen  8— ooe  atom. 


*  It  it  doubtful  whether  these  oxkles  are  lalifiahle, 

^  These  oxidrs  nn-  not  known  to  be  salifiable. 

$  This  oxide  is  salifiable  only  in  an  imperfeet  degree. 
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OF  ACIDS. 

AMh  «v       The  acids  win  be  arrslnged  in  live  clases;  each  class  em- 
Star^bwKt.  bracing  acids,  characterised  as  foUoWs: 

Class  I.  Acids,  whose  bases  form  acid  compounds  with 

oxygen  or  hydrogen  indifferently. 
Class  II.  Acids,  whose  bases  form  acid  compounds  with 

oieygen  only. 
Class  ill.  Acids,  whose  bases  form  acid  compounds  widt 

hydrogen  only. 
Class  ly.  Acids  of  irregular  constitution. 
Class  V.  Acids,  in  whieh  oxygen  and  hydrogen  are  both 

present. 


GLASS  I. 


Aoidsofihe 
lint  elan 
cnnmem- 


JiCUM,  WSOaE  BASES  FORM  ACID  COMPOUJTJM  WrFB 
OXTGEJ^  OR  BTIiROOEJf  JJVRJFFERZJrTLT. 


Acids  belonging 

1.  Chlorie  aoid. 
8.  Ozyehlorie  aeld.^ 
3*  n  juTtMnronD  Mtn* 

4.  Iodic  aeid. 

5.  Hydriodie  aoid. 

These  acids  will 


to  this  class  are  the  foUowing: 

6.  Sulphuric  add.  11.  Selenic  add. 

7.  Salpharmit  add.  IS.  Hydrotetenie  acid. 
S.  Hypeattlnhmooa  add.      IS.  Teiiane  add. 

9.  Hydroralpharlc  add.       14.  Hydrolellano  Mid* 
10.  Hydroaulpharoatadd. 

be  described  in  the  fottowhKr  sections^ 


Chlorine  forms  two  acids  by  combining  willi  oxygen; 
namely,  chloric  acid  and  oxychloric  acid.  These  acids 
will  be  noticed  in  the  two  following  sections. 


Chloritf 
add;  how 
obtdned. 


SECTION  I. 

OF  CHLORIC  ACID. 
Former  chemical  name,  ^fper^xytnuriatic  Add, 

I.  Chloric  acid  may  be  obtained  by  adding  diluted  sul- 
phuric acid  to  a  solution  of  chlorate  of  barytes,  as  long  as 
any  precipitate  should  appear:  the  sulphuric  acid  combines 
with  the  barytes,  so  as  to  form  an  insoluble  sulphate  of  ba- 
rytes* Remove  the  insoluble  sulphate  by  the  filter;  and  the 
remaining  liquid  will  be  a  solution  of  chloric  acid  in  water. 


oxTCHunoe  Acia  2^ 

II.  Berdiolkt  first  obunied  chloric  acicl^  widiinit  behg  CaA>«  n. 
aware  of  its  nature,  in  a  state  pf  combi^iatioa  with  potash,  ^^^00^^^ 
by  iiassaag  a  current  of  chlorine  sas,  through  a  solution  of  iudiiooTe* 
•arbonate  of  potash.  He  suspected  that  the  substance,  which '^' 
became  combined  with  ihe  potash,  was  different  from  chlo* 
rioe  (then  called  os^muriatic  acid);  although  the  manner 
in  which  the  esperiment  was  conducted,  natural^  led  to  a 
contrary  belief*  Chenevix  afterwards  confirmed  thesusfncion 
of  Bertholkt,  that  the  substance  which  became  united  with 
the  pocash,  was  not  chlorine;  and  was  right  in  the  compo- 
sition whidi  he  assigned  to  it;  if  the  circunsstance  be  ex- 
cepted, that  he  adopted  the  then  prevailing  opinion  with 
regard  to  chlorine,  that  it  was  a  compound  of  oxygen  and 
hydracUpric  (mi^riatic)  acid.    Gay-Lussac,  however,  first 
obtained  the  acid  in  a  separate  state,  in  1814,  by  the  pro^ 
ecas  just  described. 

IIL  CMoric  ac^d  is  a  colourless  liquid,  destitute  of  smell,  Iti  po^ 
noiess  when  concentrated;  and  possessing  a  Ycry  acid  taste*  ^^* 
It  reddens  vegetable  blues;  but  after  its  action  has  conti* 
nued  for  several  days,  it  destroys  thcns  entirely.  It  is  not 
altered  by  exposure  to  light.  When  exposed  to  a  gentle  heat, 
it  may  be  concentrated,  so  as  to  assume  an  oily  consistency; 
but  when  subjected  to  a  strong  heat,  part  of  it  becomes  de- 
composed into  oxygen  and  chlorine;  wnile  the  remainder 
distils  over  without  alteration.  It  does  not  possess  the  pro- 
perty of  precipitating  metals  from  their  solutions.  It  dis- 
solves zinc  rapidly,  with  the  emission  of  oxygen  gas;  but 
it  acts  feebly  upon  mercury*  Its  specific  gravity  has  not 
been  ascertained*  It  combines  with  salifisMe  bases,  and 
forms  a  genus  of  salts  called  chlorates,  formerly  caQed,  hy- 
peroxymuriates* 

IV*  Chloric  acid  is  cvpaposed  of  Oomp^ 

Chlorine         36— one  atom*  **<»• 

Oxygen  jlO<-ifiTe  atoms* 


ipg  its  atom. 


Giving  ^6  for  the  number  represent- 


SECTION  II* 

OF  Q:^TgHU)iaQ^ciP. 

*I.  lOaiYCHLORM:  ACID  may  be  obuined  hy  the  following  Oirdiiovfo 
process:  mix  200  gr^^tos  of  strong  sulphuric  9cid  with  50^1^^^ 
grains  of  chlorate  of  potash;  so  as  that  the  whole  may  form 
a  yellow  coloured  mass:  a  violent  chemical  action  will  take 
place  between  the  constituents  of  this  mixture.   As  soon  as 

2  A 
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Book  I.    this  action  is  over;  expose  the  mass  to  heat,  until  its  yellow 
^*^^*^  *^-  colour  disappear:  by  this  exposure  to  heat,  the  mass  be- 
comes a  combination  of  the  acid  under  description,  with 
potash;  rendered  impure,  however,  by  admixture  of  bisul- 
phate  of  potash.    Dissolve  the  mass  in  water,  and  let  it 
stand  to  crystallize:  all  the  bisulphate  of  potash  will  sepa- 
rate in  cr^'stals;  so  that,  after  these  are  removed,  what  re- 
mains wUl  be  a  pure  solution  of  oxychlorate  of  potash* 
Distil  this  solution,  in  a  retort,  mixed  with  its  own  weight 
of  sulphuric  acid,  at  a  heat  of  280<>:  the  oxychlorate  of  pot- 
ash becomes  decomposed;  sulphate  of  potash  is  formed, 
and  oxychloric  acid  distils  over* 
llisooveiy.       II.  Oxychloric  acid  was  lately  discovered  by  Count  Von 
Stadion;  by  whom  it  was  obtained  by  the  process  just  des- 
cribed* 
Iti|»roper-      III*  Oxychloric  acid  has  been  but  very  imperfectly  exa- 
^Dot      mined.  None  of  its  properties  have,  as  yet,  been  ascertained. 
^  ^     The  only  salt,  into  which  it  is  known  to  enter  as  a  consti- 
tuent, is  oxychlorate  of  potash. 
Compon-        IV.  Oxychloric  acid  is  composed  of 
***"•  Chlorine     '   36— one  atom. 

Oxygen         56— seven  atoms. 

Giving    92  for  the  number  representing 
its  atom.* 


Chlorine  forms  but  one  acid  with  hydrogen;  namely,  hydro- 
chlorie  acid.  This  acid  will  be  described  in  the  follow- 
ing section. 

SECTION  III. 

OF  HTDROCHLORIC  ACID. 

Ufotl  obemieal  name,  Muriatic  Add.  Old  Dames,  Marine  Add, — Sfirit  of 

Sea  Salt. 

Hydroehto-     I.  HYDROCHLORIC  ACID  may  be  obtained  by  distilling,  in 

h*w*'bui  -*  ^^^^  ^^  ^^  ^^^^  ^'  *  lamp,  a  mixture  of  equal  parts  of 

ed.  '  chloride  of  sodium  (common  salt)  and  liquid  sulphuric  acid. 

As  soon  as  the  mixture  is  made,  a  violent  effervescence  en« 

sues.  The  gas  which  is  extricated  is  at  first  mixed  with 

*  Dr.  Thomaon  calls  tiiia  and  perchhrie  add.  Bat  I  haTe  not  foltowed  bim 
in  this  particular;  beoanse  his  prefix  per  ma>  lead  to  ambiguitj.  Should  chlorie 
add  prove,  hereafler,  to  be  capable  of  combining  with  a  peroxidited  base;  the 
salt  which  woald  be  formed,  would  be  a  perchlorate.  Now  this  is  the  Tory  name*, 
which  would  properly  belong  to  a  salt,  formed  by  Dr.  Thomson's  pereklorie 
add. 
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atmospheric  air,  and  should  be  allowed  to  escape.  After  the  Cakp.  n. 
lapse  of  a  few  miDUtes,  the  pure  gaseous  product  may  be 
collected  in  glass  jars  over  mercury:  it  consists  of  hydro- 
chloric acid. 

II.  The  formation  of  hydrochloric  acid,  by  the  above  Proeen  ex- 
process,  is  the  result  of  a  very  cotnplicated  play  of  chemi-  P'«*n«^- 
eal  affinities.  Hie  acid,  ready  formed,  is  not  present  in  any 

of  the  constituents  employed;  but  is  produced  by  a  combi- 
nation of  its  ingredients,  which  takes  place  during  the  pro- 
cess. The  chloride  of  sodium  becomes  decomposed,  and,  at 
the  same  time,  a  portion  of  water,  with  which  liquid  sul- 
phuric acid  is  always  mixed.  The  sodium  of  the  chloride, 
after  being  first  converted  into  soda,  by  oxygen  furnished 
by  the  decomposition  of  the  water,  combines  with  the  sul- 
phuric acid,  so  as  to  form  sulphate  of  soda;  while  the  chlo- 
rine unites  with  the  corresponding  hydrogen  of  the  same 
liquid,  so  as  to  form  hydrochloric  acid* 

III.  The  nature  of  hydrochloric  acid  remained  a  long  AeMnt  of 
time  enveloped  in  uncertainty.  It  was  generally  considered  *^•^^U2!^ 
to  be  a  compound;  yet  no  one  was  able  to  demonstrate  its  led  to  at- 

constituents.  «wtalning 

The  first  step,  in  the  investigation,  which  terminated  in  of  i^^ 
the  discovery  of  the  true  nature  of  hydrochloric  acid,  was  •hkorieacid. 
made  by  Gay-Lussac  and  Davy*  These  chemists  ascertain- 
ed, that  the  gas,  which  had  been  previously  called  oxymu- 
riatic  acid,  under  the  influence  of  the  belief,  that  it  was  a 
compound  of  muriatic  (hydrochloric)  acid  and  oxygen,  had 
never  been  decomposed;  and  that  neither  its  reputed  con- 
stituents, nor  any  other,  could  be  demonstrated  to  exist  in 
it*  Hence,  therefore,  it  is  as  yet  an  undecompounded  body. 
In  consequence  of  diis  discovery,  it  became  necessary  to 
change  its  name;  and,  accordingly.  Sir  H*  Davy  substituted, 
for  oxymuriatic  acid,  the  name  of  chlorine,  as  has  been  al- 
ready mentioned. 

The  experiment,  which  was  supposed  to  demonstrate  the 
compound  nature  of  oxymuriatic  acid;  and  that  oxygen  and 
muriatic  acid  were  its  constituents,  was  first  made  by  Ber- 
thollet*  This  chemist  exposed  a  saturated  solution  of  oxy- 
muriatic acid  to  the  influence  of  the  light  of  the  sun,  for 
several  days;  so  arranged  as  to  enable  him  to  collect  the 
gaseous  products.  At  the  end  of  this  time,  the  gas  which 
had  been  extricated,  proved  to  be  oxygen;  and  the  oxymu- 
riatic solution  was  converted  into  a  solution  of  muriatic 
acid.  The  more  obvious  conclusions  to  be  drawn  from  this 
experiment  are,  that  the  oxymuriatic  acid  had  been  decom- 
posed; that  the  oxygen,  which  appeared,  was  derived  from 
It;  and  that  oxymuriatic  acid,  deprived  of  oxygen,  became 
muriatic  acid. 


ttitiriuutt  compotMid  of  ozygea  and  nrariadc  acid,  uppeared  to  ht  de- 
lived  fifomandlysiB;  and  its  convpoaitioD  was  supposed  t» 
be  perfectly  setded.  This  continued  to  be  the  prevaUiHf 
OpinioA»  until  1809;  when  Gsjr-Lussac  md  Theiialtl  ^b- 
lished  Sonne  experiments,  going  to  demonstrate  that  oxygen 
could  not  be  .separatbd  ftt>ni  oi^muriatic  acid.  In  1810^ 
Sir  H.  Davy  published  two  papers  on  the  same  subject; 
detailing  experiments,  m^icfa  went  to  proi^e,  that  oxymu^ 
riafUc  acid  had  never  beeli  decomposed.  This  ehemist 
aubjected  it  fo  a  number  of  trials,  with  a  view,  rf  poasible^ 
to  detect  okygen  in  it;  but  all  Aiese  triak  fftiled.  fie  faond 
that  none  of  the  comepounds  df  oxy muriatic  acid  iwith 
inflammable  bodies  or  metals,  eould  be  made  to  yield  a 
particle  of  oxygeti;  and  when  the  oxymuriatic  acid  .gas  wup 
subjected  to  the  acudn  of  charcoal,  intensely  ignited  in  it, 
or  to  the  strongest  powers  of  electricity,  it  underwent  no 
chdnge.  The  experiments  and  observatioas  of  these  dis- 
tinguished chemists  were  weU  calculated  to  throw  jan  atr 
pf  doubt  upon  the  reality  of  the  decomposition  of  aacymm^ 
riatic  acid  by  BerthoUet. 

"Some  time  faefere  these  new  opinions,  respecting  i^- 

anuriatic  acid,  were  iptomulgatefi^  at  had  >been  observed 

-by  ^GajyXtfttsaac  ^and  Thenard,  diat,  when  equsfl  vohunea 

of  osyifcittriatic   acid  and  hydrogen  asc  exposM  sa  tftie 

action  of  the  siin^  rtiys^  ^^i  eatplosi<Mi  takes  ,place;  'the 

gases  coasbine,  land  'the  iproduot  is  an  efuid  volume  of 

•muriatic  acid«*  The  concli^sioo,* which  tthese  chemists 'fifat 

ilrew  fxom  this  experiaoeiit,  iwas,  that  muriatic  acid  foa, 

as  usually  tibtained,  is  a  compound  of  dry  muriadc  acid 

-and  water;  and  that' the  hydrogen,  which. disappears,  vnitete 

with  :the  oxjogen  6f  the  Qtymuriatic  acid;(adhcringto  die 

^prevailing  opinion  respecting  its  dompositioin),  and^ibrms 

water;  while  the  dry  muriatic  acid,  furnished  by  the  decomr 

position  of  .the  oxymuriatic  ucid^  combining  widi  this  'ffiter, 

vgives  riae  to  the  formation  of  muriatic  add  in  iis  usual 

«t4te. 

The  merit  of  itrst  drawing  ^e  proper  conclusion  finotn 
fthe  experiment,  above  detailed,  bdongs  to  Sir  H*  Davy« 
This  chemist  admitted  no  explanation  of  it,  which  required 
the  improper  assumption,  that  oxygen  is  a- ^tonstitueot  .in 
QXynHviatic  acid  (his  chlorine);  more  Specially  as'tbe'eacp* 
perimeats,  which  saemed  to 'indicate  ^soch  aoonalbtuent-tn 

*  Thb  etpeMmcfit  was  performed  Abdot  the  siime  time  By  Mr!  Triton,  M  Tk', 
Thatkum.  infonm  ai,  before  Uie  fermer  ebanlltt  hiA  myktiXMtdg^  bf  4lilii1klsl 
been  done  bu  Qa7«X4mM  «nd  Thenwd. 
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presence  of  water,  or  other  substances  wkiob  owatrim  my'-  "^ 
gen,  as  to  destrojr  all  confideiice  in  them.  He,  accordingly, 
insisted,  ll»t  the  only  inference,  iriiiich  could  be  properly 
4rawn  irom  tfie  ^uperlntf nt,  aboye  jpveo^  i)v  that  o^ymu- 
xiatic  iicid,  as  aa  elemeataiy  Mhstancc^  by  connbioing  mith 
kjydrogei^  fcN-ms  oiuriatic  acid. 

Adopitii»g  this  csplaaation  of  the  formation  of  muriatic 
aoid,  in  the  above  experiment;  the  nature  of  the  fallacy  in 
the  experiment,  by  which  BerthoUet  was  supposed  to  indi- 
cate the  cpnstitof^its  <of  oxymuriaUc  acid,  is  sufficiently 
Manifest*  The  oxygen,  which  made  its  appearance  in  th^ 
experiment,  owed  its  formation  to  the  decomposition  of 
water;  the  corresponding  hydrogen  of  the  same  liquid ,  be- 
ing evrployed  in  the  production  of  the  muriatic  acid,  by 
combiniiig  with  the  oa;ymuriatic  acid. 

If  the  source  of  the  4»9^gen,in  3erthollet's  e|:periment, 
be  the  decomposition  'Of  water,  as  is  here  contended,  and 
not  the  oKymuriatic  acid;  then  it  ought  to  be  found,  thl^t 
the  ^uitttity  «i  hydrqgen  nepessary,  by  the  new  theory,  to 
convert  any  portion  of  osymusiatic  acid  into  muriatic  aci^* 
is  esactly  the  prcfver  amowit,  U>  convert,  iiMo  water,  all  thr 
UMfgovkt  which  is  allied  to  be  derived  from  the  decoropor 
sitmn  of  an  ecpisA  portion  of  this  substance  by  the  old  theory. 
Now  this  is  fouiid  to  he  the  fact  precisely;  for  the  hydro- 
.gan  nepeasaiy  to  convert  a  igiven  portion  of  oxymuriatic 
aoid  inio  ^Eiuiiaitic  acid*  by  the  new  doctrine,  bears  the 
same  proportion  to  the  oxyipqn,  which,  by  the  old  doctrine, 
must  be  separated  from  it,  during  the  same  conversion;  as 
t^ese  substances  do,  to  each  other,  when  they  unite  to  form 
'Water. 

The  doctrine  of  Sir'H.  Davy,  that  muriatic  acid  is  a 
compound  of  oxymuriatic  acid  (cMorine)  and  hydrogen,  lat 
-first,  had  many  able  opponents;  who  were  disposed  to  coin- 
cide m  opinion  with  Gay-Lussac  and  Thenard,  as  to  its 
nature.  These  themists,  however,  very  soon  embraced  the 
new  doctrine.  Notwithstanding,  the  new  views  were  stift 
opposed  by  a  number  of  chemists;  but,  in  the  progress  of 
the  controversy,  new  facts  were  elicited,  which  confirmed 
more  and  more  the  'doctrine  of  Davy;  and,  since  the  recent 
discovery  of  iodine;  which,  among  other  striking  analogies 
to  osymoriatic  acid,  possesses  the  property  of  forming  an 
acid  with  hydrogen;  the  new  explanations  are  almost  uni- 
.vc;rsaUy  admitted. 

It  may  conduce  to  give  a  clearer  idea  of  the  new  views 
^vnd  ej^lsnation^,  which  have  been  introduced  into  cher 
jnistty,  Iff  the  discpvenes,  expected  with  muriatic  acid,  to 


noon  I.  ed)^  before  it  u  cm^lofei t<»  f onn  tlie  oxjrkydreddofieattiiil 
^*^°""'  the  result  will  be  the  production  of  this  acid,  in  tke  htf^st 
state  of  oxidizemeiitf  which  Thenard  was  capable  of  effect- 
ing. By  pursuing  these  processes,  this  chemist  succeeded  im 
obuiiiing  an  hydrochloric  acid,  containiog  16  times  its 
volume  of  oxygen. 

The  combination  of  hydrochloric  (muriatic)  acid  and 
oxygen,  which  has  thus  been  discovered  by  Thenard, 
ought  to  have  proved  identical  with  chlorine  (oxymuriatie 
acid);  if  the  okl  theory,  respecting  .the  composition  of  the 
latter  substance,  bad  been  correct.  But  this  is  very  far 
from  being  the  case.  The  advocates  of  the  former  doctrine 
nay  now  satisfy  themselves,  that  a  real  oxymuriadc  acid 
and  chlorine  are  distinct  substances.* 

Water,  M.      VII  I.  Water  saturated  with  hydrochloric  acid  gas,  is, 

wiXhrdro-^^  common  language,  called  muriatic  acid.  This  solution  of 

•hiorietdd,  the  acid  gas,  in  water,  is  the  only  form,  in  which  the  acid  is 

qaMhTdro. ^^^  ^^  ^®  Ordinary  purposes  of  chemistry,  or  in  medi- 

eUorieadd.  cifke.  When  hydrochloric  acid  is  spoken  oi^  it  is  to  be  always 

understood,  unless  o^erwise  specified,  that  the  solution  of 

the  gas  in  water  is  meant.  The  liquid  form  of  the  acid  wtH 

now  be  considered. 


U  WID  ll!n>ROGliU>RIO  Ada 
XJmA  th^nnied  tmme,  Maiaik  Add. 

Utt^  hj.       I.  The  fidinbnrgh  college  dicecta  die  ioDowing  ptocess 
a^how    ^  obtaining  the  liquid  acid:  Expose  two  pounda  of  chlo^ 
obuioed     ride  of  scnlium,  ^(coinmeB  sdt)  to  a  teA  beat  for  some  timf.« 
for  nedieai  After  the  chloride  has  cooled;  put  it  in  a  i^tcM,  and  pour 
upon  it  sixteen  'ounces  of  sulphuric  acid,  previously  pi- 
loted ^ith  one  pound  of  wnter.  'Distil  Jthe  mixture,  in  % 
sand  baib,  at  a  snoderate  heait^  «a  long  as  any  Acid  covMa 
over. 
ProMM  cz-      3,  The  explanation  of  ttus^process  i^  the  same  with  thiM: 
^"^*      given  of  the  formation  of  the  acid  in  the  gaseous  ^tule; 
with  this  difference  onlyt  that  the  water^  ^directed  by  th^s 
Edinbuirg^  college,  distils  -over  in  'Combination  ;wHh  .tW 
gaseous  acid* 
Us  proper-      ^.  Liquid  hydrochloric  acid,  when  perfectly  pure,  in 
^^^          colourless;  but,  as  usually  obtained,  it  Ims  a  pale  yeUow 
colour,  owing  to  the  presence  of  n  «mall  portion  of  iron.  It 
possesses  the  peculiar  amell  of  the  gaseous  acid.  When  tMr 
-^ — • —  ---     --         .-- ^ - 

*  8m  TbMvd'f  paper,  as  tranalatod  is  tke  Annalt^  Phalofophj.  (Jsa-rli>19^ 
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posed  to  the  air,  it  gradual^  emits  the  acid  gas,  which  Chat.ii. 
combines  with  the  moisture  of  the  atmosphere,  and  appears  Spee.  grsT- 
in  white  fumes.  It  is  about  one  and  one-fifth  times  as  heavy     ^'^^^ 
as  water* 

4*  When  the  liquid  acid  is  formed  by  saturating  cold 
water  with  the  acid  gas,  the  water  becomes  hot;  and,  as  the 
heating  advances,  the  absorbing  power  of  the  water  dimi- 
nishes, until  the  heat  arrives  at  the  boiling  point,  when  it  is 
entirely  lost.  Hence  it  is,  that,  if  the  liquid  acid  be  exposed 
to  heat,  the  acid  gas  may  be  procured*  It  was  in  this  way 
that  Dr.  Priestley  first  obtained  the  acid  in  the  gaseous 
form. 

5.  Liquid  hydrochloric  acid,  when  a  perfectly  saturated  Compo&i- 
solution,  contains  515  times  its  volume  of  the  acid  gas;  or^^* 
more  than  half  its  weight. 

6.  Liquid  hydrochloric  acid  acts  as  a  stimulant,  when  Medical 
taken  into  the  stomach.   In  low  fevers  of  all  kinds,  when  prop«rtiej. 
diluted  sufficiently  to  be  agreeably  sour,  it  is  a  very  proper 
drink.  In  relaxed  states  of  the  stomach,  it  has  been  found 
useful  in  restoring  the  tone  of  that  organ;  but,  for  this  pur- 
pose, liquid  sulphuric  acid  is  generally  preferred.   Almost 

any  quantity  of  the  solution  may  be  taken,  when  sufficiently 
diluted. 

IX.  Hydrochloric  acid  is  not  capable  of  combining  with 
any  of  the  undecompounded  combustibles.  When  the  at- 
tempt is  made  to  combine  the  acid  with  some  of  them,  it 
becomes  decomposed;  its  chlorine  forms  a  chloride  with 
the  combustible,  and  its  hydrogen  is  evolved. 

X.  Hydrochloric  acid  combines  with  some  of  the  salifia- 
ble bases,  and  gives  rise  to  a  genus  of  salts,  which  will  be 
called  hydrochlorates.  These  aialts  are  usually  called  mu- 
riates* Most  of  them,  when  exposed  to  a  red  heat,  undergo 
a  double  decomposition;  so  as  to  be  converted  into  a  chlo- 
ride and  water. 

XL  Hydrochloric  acid  is  composed  of  Compod- 

Chlorine  36-one  atom.  ^k^e' 

Hydrogen  1-— one  atom.  aokL 

Giving  37  for  the  number  represent- 
ing the  weight  of  its  atom. 

XII.  This  acid  has  been  employed  to  destroy  contagion,  Employed 
and  putrid  miasmata.  Morveau  used  it,  with  success,  for  ^^.^'^'^y 
neutralizing  the   putrid  exhalations,  which  pervaded  the 
cathedral  of  Dijon.  But,  for  these  purposes,  it  is  inferior  to 
chlorine* 

2B 
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lodiM        Iodine  {anas  but  one  ftcid  conp^uad  with  oxjrg^n;  luuneljt 
Mi?  wUh^      iodic  acid*  This  acid  will  be  described  in  the  foUowiug 


oxygen. 


secuoli* 


SfiCTION  IV. 
OF  IODIC  Acm. 

todbaeid;  I.  loDic  ACID  tniiy  be  obtained  by  die  foUowing  |nt>cesst 
how  obtain-  p^  i^j^  j|  jj^m  ^ybe,  closed  at  one  end,  100  grains  of  chlo- 
rate of  potash;  and  pour  upon  them,  400  grains  of  hydro- 
chloric  add,  of  the  specific  gravity  of  1*1 05.  Make  ^e  bent 
tube  communicate  with  a  long  necked  receiver,  containing 
40  grains  df  iodine;  and  apply  a  gentle  heat  to  the  mixture, 
which  it  contains.  A  quantity  of  protoxide  of  chlorine  is 
immediately  formed*  As  soon  as  this  gaseous  oxide  enters 
the  receiver;  eadi  of  its  constituents  combines  with  a  por- 
tion of  the  iodine,  and  gives  rise  to  the  formation  of  two 
acids;  the  acid  under  description,  and  another  acid,  which 
is  called  chloriodic  acid*  By  exposing  the  mixed  acids  to 
heat,  the  chloriodic  acid,  being  volatile,  flies  off;  while  the 
iodic  acid  remains  behind.  This  aicid  was  first  obtained,  in 
a  separate  state,  by  Sir  H.  Davy, 
ft!  proper-  II*  iodic  acid  is  a  white  semi-transparent  solid,  destitute 
ties-  of  smell;  but  possessing  a  strong,  aatnngent,  sour  taste* 

When  exposed  to  a  moist  atmosphere,  it  gradually  deli- 
quesces* when  heated  to  a  teasperatare,  a  litde  below  that, 
at  which  olive  oil  boils;  it  is  detomposed  into  iodine  and 
oxygen.  It  sinks  rapidly  in  sulphuric  acid;  hence  its  specific 
gravi^  must  be  considerable.  It  is  readily  soluble  in  water* 
Its  solution  first  reddens,  and  afterwards  destroys,  vegeta- 
ble blues*  When  it  is  exposed  to  heat,  the  water  gradually 
evaporates,  and  the  acid  is  reduced  to  the  consistency  of 
syrup*  Afterwards,  if  the  heat  be  increased,  the  acid  may 
be  driven  over  unakered;  but,  when  the  temperature  arrives 
at  a  certain  point,  the  acid  becomes  decomposed. 

Ill*  Iodic  acid  has  the  property  of  combining  with  a 
number  of  acids,  as  was  first  ascertained  by  Bir  H*  Davy* 
With  those  already  described,  however,  it  does  not  appear 
capable  of  combining.  When  iodic  acid  and  hydrochloric 
acid  are  brought  into  contact;  they  mutually  decompose  each 
other,  and  the  products  are  water  and  chloriodic  acid*  Iodic 
acid  combines  with  several  4>f  the  salifiable  bases,  and  forms 
salts,  called  iodates* 
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IV.  Iodic  acid  is  composed  of  Chav.  n. 

Iodine  125-^>ne  atom.  Compow- 

Ozygen  40-«*fire  atoms.  tiooofiodie 

soW. 

Giving  165  for  the  number  represent- 
ing the  weight  of  its  atom. 


Iodine  forms  but  one  acid  compound  with  hydrogen;  namely,  fodine 
hydriodic  acid.  This  acid  will  be  described  in  the  follow-  SSfeMW 
ing  section.  witkkyW 

sen* 

SECTION  V. 

OP  HYDBIODIC  ACia 

L  Htdriodic  acid  may  be  obtained,  by  exposing,  in  a  H^driodM 
retort,  to  heat,  a  mixture,  moistened  with  water,  of  four  J^Si^*^ 
parts  of  iodine,  and  one  part  of  phosphorus.  A  gas  is  im- 
mediately formed,  which  must  be  collected  over  mercury. 
This  gas  is  hydriodic  acid. 

II.  Hydriodic  acid  was  discovered  by  Clements;  but  it9 
properties  were  first  investigated  by  Davy  and  Gay-Lussac. 

III.  Hydriodic  acid  is  an  invisible  and  elastic  fluid,  like  its  proper^ 
common  air.   Its  smell  is  similar  to  that  of  hydrochloric  ^^ 
acid.   Its  taste  is  very  sour.   When  brought  in  contact 

with  chlorine,  hydrochloric  acid  is  formed,  and  iodine  de- 
posited. 

ly.  It  is  about  four  and  a  half  times  as  heavy  as  com*  Spec  sm?. 
mon  air.  **^' 

V.  Liauid  hydriodic  acid  is  readily  formed  by  saturating  Combiuei 
water  with  the  gaseous  acid.  It  may  be  formed  also,  by  pass-  ^i'*'^*^^'-' 
mg  a  current  of  hydrosulphuric  acid  gas  (sulphuretted  by* 
drogen)  through  water,  in  which  a  portion  of  iodine  is  pre- 
viously placed.  The  hydrogen  of  the  acid  combines  with 

the  iodine;  and  its  sulphur  is  deposited.  Liquid  hydriodic 
add  may  be  concentrated  by  exposure  to  a  heat,  under  262^« 
In  this  way,  its  specific  gravity  may  be  increased  to  1*7* 
At  the  temperature  of  262^,  it  boils,  and  may  be  distilled 
over.  It  has  the  property  of  dissolving  iodine;  whereby  it 
assumes  a  dark  colour. 

VI.  Hydriodic  acid  is  composed  of  Compoii- 

Iodine  ISS-'-one  atom.  dSoc2l'*''^' 

Hydrogen  1-— one  atom.  neid. 

Giving        126  for  the  number  represent- 
ing its  compound  atom. 


jgg  ACIDS. 

Book  I. 
Division  II. 

Sulphur  Sulphur  forms  three  acid  compounds  with  oxygen;  namely, 
forms  three  sulphuric  acid»  sulphurous  acid,  and  hyposulphurous  acid, 
oxygen.  These  acids  will  be  described  in  the  three  following  sec- 

tion^. 

SECTION  VL 

OF  SULPHURIC  ACID. 

Suiphario        I*  SULPHURIC  ACID  may  be  obtained  by  the  following  pro- 
obuin!^     cess:  Distil  sulphate  of  iron  (green  vitriol),  which  has  pre- 
pare, viously  been  exposed  to  heat,  to  drive  off  its  water  of  crys- 
tallization: a^lack  coloured  fuming  substance  will  come 
over,  very  nearly  twice  as  heavy  as  water;  it  constitutes  the 
fuming   sulphuric  acid,  as  prepared,  for  many  years,  in 
Nordhausen  in   Germany.  Distil  this  fuming  liquid,  in  a 
retort,  with  a  moderate  heat,  into  a  receiver  surrouoded  with 
ice:  a  vapour  is  driven  over;  which  condenses  in  the  re- 
ceiver. If  the  distillation  be  stopped  in  time,  the  condensed 
vapour  will  consist  of  pure  sulphuric  acid. 
Vrooess  ex-      II.  The  fuming  sulphuric  acid  of  Nordhausen  is  consider- 
plaiaed.      ^j  ^^  jj^  ^  ^^^y  concentrated  sulphuric  acid,  containing  but 
little  water.  The  manner  of  its  preparation  indicates  this  to 
be  its  nature;  being  distilled  from  dried  sulphate  of  iron. 
Now  when  this  fuming  acid  is  distilled  cautiously,  nothing 
but  the  pure  acid  is  driven  over;  what  water  it  may  have 
contained,  being  left  behind, 
lu  proper-      III.  Sulphuric  acid  is  a  solid  under  the  temperature  of 
tiei.  ggo.  |3|2(  above  that  temperature,  it  assumes  the  form  of 
colourless  vapour,  which  takes  on  the  appearance  of  white 
clouds,  when  it  comes  in  contact  with  moist  air.    In  the 
solid  form,  it  is  composed  of  filaments,  having  a  silky  ap- 
pearance; which  gives  the  acid  some  resemblance  to  the 
mineral  substance,  called  asbestos.  It  is  tough,  and  cannot 
be  easily  cut.  When  exposed  to  the  air,  it  fumes,  and  gra- 
dually flies  off  in  the  form  of  vapour.  When  held  between 
the  fingers,  it  exerts  no  action  upon  the  skin;  but  after  some 
time,  it  produces  pain.    The  specific  gravity  of  this  acid, 
either  in  the  solid  form,  or  in  the  state  of  vapour,  has  not 
been  ascertained. 
Dissdvet  in      IV.  Sulphuric  acid  has  a  strong  affinity  for  water.  When 
foi^sU^uid  ^^""^^^  ^^^^  this  liquid;  the  combination  takes  place  with 
luiphario    such  rapidity,  as  to  produce  a  noisfe,  similar  to  that  caused 
acid.          by  a  red  hot  iron,  under  equal  circumstances.  Sulphuric 
acid,  dissolved  in  a  certain  quantity  of  water,  forms  liquid 
sulphuric  acid,  or  the  sulphuric  acid  of  commerce. 
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Chap.  IL 
UQUID  SULPHURIC  ACID.  

Former  name.  Vitriolic  acid,  CommoD  Mune,  Oil  of-  VitrioL 

1.  WheD  the  pure  solid  sulphuric  acid  is  dissolved  in  Uqaid  sal- 
about  one-fifth  of  its  weight  of  water,  it  forms  liquid  sul-P**'*"'''"^' 
phuric  acid,  of  the  usual  strength,  in  which  it  occurs  in 
commerce* 

2.  Liquid  sulphuric  acid  is  obtained  by  the  manufacturer,  hov  obtain- 
by  burning  a  mixture  of  one  part  of  nitrate  of  potash  (ni-  J^J^g^* 
tre)  and  seven  parts  of  sulphur,  in  chambers  lined  with  tonr. 
lead;  whose  floors  are  covered  with  a  certain  depth  of  wa- 
ter. The  water  becomes  impregnated  with  the  acid;  and 

when  the  impregnation  has  reached  to  a  certain  degree,  the 
acid  water  is  concentrated,  by  evaporation,  first  in  leaden 
retorts,  as  long  as  the  acid  is  too  weak  to  act  upon  them; 
and  afterwards  in  glass  retorts,  until  it  become  of  a  certain 
strength.  This  strength,  for  the  purposes  of  commerce,  is 
indicated  by  a  specific  gravity  of  about  1*85.  The  acid 
may  be  concentrated  beyond  this  strength;  but  it  has  not 
been  found  possible,  by  any  distillation,  to  drive  off  all  the 
water,  which  it  contains. 

3.  The  rationale  of  the  formation  of  liquid  sulphuric  acid  Manufao' 
by  the  above  process,  is  thus  given  by  Clement  and  Desor-  turcr'i  pro- 
mes,  and  Davy.  The  combustion  of  a  mixture  of  sulphur  pUmed. 
and  nitrate  of  potash  (nitre)  gives  rise  to  the  formation  of 
sulphurous  acid  and  deutoxide  of  azote  (nitrous  gas).  The 

latter  of  these  substances  is  immediately  converted  into  ni- 
trous acid,  by  coming  in  contact  with  the  air.  The  acid 
thus  formed  and  the  sulphurous  acid  then  combine,  lose 
their  gaseous  form  and  precipitate  into  the  water.  As  soon 
as  the  combined  acids  come  in  contact  with  the  water,  the 
aulphurous  acid  becomes  converted  into  sulphuric  acid,  by 
combining  with  a  dose  of  oxygen,  at  the  expense  of  the  ni- 
trous acid;  which  latter  is  thereby  brought  back  to  the  state 
of  deutoxide  of  azote;  and  thus  changed,  assumes,  again, 
the  gaseous  form*  No  sooner  does  it  come  in  contact  with 
the  air,  than  it  is  again  converted  into  nitrous  acid,  precipi- 
tates in  combination  with  sulphurous  acid,  converts  the  lat- 
ter acid  into  sulphuric  acid,  and  again  assumes  the  gaseous 
form,  as  deutoxide  of  azote.  The  same  round  of  composi- 
tions and  decompositions  is  repeated  as  lon^  as  any  sul- 
phurous acid  may  remain. 

4.  Liquid  sulphuric  acid  was  discovered,  in  the  middle  Ae«oaot  of 
ages,  either  by  the  Arabian  chemists,  or  the  alchemists.  It  ^^^^^^Qf 
k  spoken  of  hy  Basil  Valentine,  who  wrote  early  in  the  fif-  the  Uqaid 
teenth  century.    It  was,  for  a  long  time,  obtained  by  dis-  ^^^ 
tilling  sulphate  of  iron  (green  vitriol);  a  process  which  is 
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Bmtk  e  Still  followed  in  Germany.  It  was  afterwards  prepared  hy 
J^Mmm  n.  burning  a  mixture  of  sulphur  and  nitrate  of  potash  (nitre) 
under  a  glass  beH*  From  this  osode  of  preparation^  it  was 
ibrmeriy  frequently  called  oleum  nJpkuria  per  companem. 
The  method,  which  has  been  described  at  leogth  in  the  be- 
ginning of  the  present  accottnt,  and  which  is  pursued  by  al« 
most  all  the  manufacturers  of  sulphuric  acid,  was  invented 
by  Dr«  Roebuck;  who  estaUished  the  first  manufactDry  of 
the  kind,  at  Prestonpans  in  Scotland* 
Propel^  5.  Liquid  sulphuric  acid  is  colourless  like  water*  It  is  nearly 
oT^e  hqoid  j^g^j^^e  of  smell,  but  possesses  an  intensely  sour  taste.  It 
has  somewhat  of  an  oily  consiitency;  from  which  circum* 
stance  it  has  got  the  commcm  name  of  oil  of  vitriol.  It  red* 
dens  vegetable  blues.  It  acts  upon  animal  and  vegetable 
substances  with  considerable  energy,  and  speedily  converts 
them  into  charcoaL  Its  specific  gravi^  and  boiling  point 
vary  with  the  quantity  of  water  which  it  may  contain.  When 
composed  of  • 

Sulphuric  acid         40^— one  atom. 
Water  9— one  atom;  its  specific 

gravity  is  1*85,— and  its  boiling  point,  620^.  When  com"* 
posed  of 

Sulphuric  acid         40— one  atom. 
Water  18— two  atoms;  its  speci* 

fie  gravity  b  1  •78,— and  its  boilmg  point,  435^.  When  com- 
posed of 

Sulphuric  acid         40— one  atom. 
Water  27— three  atoms;  its  spe* 

cific  gravity  is  1*65,  and  its  boifing  point,  350^.— Water, 
however,  does  not  combine  with  sulphuric  acid,  only  by 
atoms.  So  far  from  this  being  the  case,  it  appears  capabk 
of  uniting  with  the  acid,  in  every  proportion.  It  is  not  easy 
to  reconcile  this  fact  with  the  atomic  theory. 

6.  Liquid  sulphuric  acid,  when  exposed  to  the  air,  at- 
tracts moisture,  and  becomes  heavier.  The  quantity  of  wa- 
ter, which  it  is  capable  of  absorbing  in  this  way,  is  always 
less,  as  the  quantitj^  of  this  liquid,  which  it  already  contains, 
is  greater. 

7.  The  congealing  point  of  liquid  sulphuric  acid  varies 
with  its  density.  But  it  is  found  that  this  variation  takes 
place  in  such  a  way,  as  that  the  freezing  point  of  the  acid 
lowers,  according  as  its  density  varies,  either  above  or  be* 
low  a  certain  density.  The  freezing  point  of  liquid  sulphu- 
ric acid,  of  the  specific  gravity  of  1*78  is  at  45^.  Now  it 
is  found,  that  if  the  acid  be  much  more,  or  much  less  con- 
centrated; its  freezing  point  lowers  considerably.    When 
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cooccnftrfttfid  nbsrm  poMiUe^  its  freesbg  {nmiU  b  a»  low  Cai«.iil. 
ai  —  36«».  — 

8*  Liquid  Mlpburic  acid  is  deccmipoted  hy  mmf  of  the  AatioBof 
4iiid4*ccM»poimded  combuBtibka*  Mtfimn 

[!•]  When  liquid  oulpharic  acid  «id  h^droigea  «re  made  wNniMiiti- 
to  pass  toged^r,  ifarough  a  red  hot  poroelaia  tub^  die  add  *'^* 
is  compktoly  deoonpoaedi  water  is  formed,  and  sulfhiir  de» 
|x>site<L  At  a  boiling  temperature,  it  is  converted,  by  char- 
coal, into  sulphurous  acid;  but  by  the  action  of  the  same  com- 
bustible, at  a  red  heat,  it  is  totally  decomposed.  When 
heated  in  contact  with  phosphorus;  sulphurous  acid  is  dis- 
engaged, and  the  phosphorus  becomes  converted  into  phos- 
phoric acid.  When  boiled  along  with  sulphur,  it  becomes 
converted  into  sulphurous  acid* 

[3.]  Liquid  aulphurk  acid,  when  very  much  diluted,  acts 
violently  upon  zinc  and  iron.  Part  of  the  water  freaent  is 
decomposed;  these  metals  are  oxidized,  and  hydrogen  is 
evolved.  When  the  acid  is  concentrated,  it  acts  upon  these 
jnetals,  but  much  less  violently;  part  of  the  acid,  in  this  case, 
being  decomposed,  and  flj'ing  off  in  the  form  of  sulphurous 
acid.  Upon  tin  and  copper,  oie  action  of  the  liquid  acid  is 
but  feeble,  unless  it  be  assisted  by  heat^  in  which  case,  it 
oxidizes  and  dissolves  them.  On  silver,  mercury,  antimony, 
bismuth,  arsenic  and  tdhinttm,  a  pretty  high  temperature  is 
required  for  the  acid  to  produce  any  effect;  and  die  action^ 
^bich  takes  place,  oonsista  in  the  oxidizemeatof  these  me- 
tak^  at  tiie  expense  of  part -of  the  acid,  which  flies  off  in  the 
Ibras  of  sulpburouB  acid;  while  the  remainder  conbincs 
with  the  oxides  foroaed.  At  the  boiling  temperature,  it 
oxidizes  lead,  and  dissolves  cobalt,  nickel  and  molybdenum. 
The  liquid  acid  exerts  no  perceptible  action  li^oa  gold'^tr 
.platinum. 

9.  When  Kquid  sulphuric  acid  is  dropped  into  a  concen- 
trated solution  of  iodic  acid;  the  two  acids  fsdl,  in  combiaa- 
-tion,  in  the  form  of  a  aolid  precipitate.  Tins  precipitate, 
after  fusion,  assumes  the  form  of  crystals,  which  have  a 
pale  yellow  colour.  When  strcmgly  heated,  it  is  pardy  siib- 
4imed,  and  panly  decomposed  into  oxygen,  iodine  and 
sulphuric  acidt 

10.  Gay-Lussac,  has  lately  succeeded  in  oxidizing  liquid  TIm  liquid 
sulphuric  acid*  His  method  consisted  in  adding  his  recent-  S^<^*vSiig 
ly.  discovered  oxyhvdrocMoric  acid  to  sulphate  of  silver,  oudized. 
The  products  are  cnloride  of  silver,  water  and  oxy sulphuric 

acid.  The  formation  of  oxysulphuric  acid  has  already  been 
noticed,  when  detailing  the  different  methods  for  obtaining 
oxyhydrochloric  acid,  page  191. 
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Book  I.  11.  Liquid  jBttlphuiic  acid,  when  sufficiently  <Uluted,  fur* 
DMAon  n.  nighes  a  very  powerful  arucle  to  the  materia  medica.  Its 
The  liquid  general  action  is  that  of  a  stimulant  and  tonic.  In  weak 
fom^ir^  and  relaxed  states  of  the  stomach,  it  is  used  to  excite  appetite 
cine.  and  to  promote  digestion.  It  is  a  useful  acidulous  drink,  in 

all  fevers,  below  the  par  of  action.  When  taken  in  large 
quantities,  it  passes  off  by  the  kidneys  and  the  skin. 

V.  Sulphuric  acid  combines  with  the  salifiable  bases,  and 
forms  salts,  which  are  called  sulphates.  Thtse  salts  willbe 
described  under  the  heads  of  their  respective  bases. 
Composi-        VI.  Sulphuric  acid  is  composed  of 
phoiic  acid.  Sulphur  16— one  atom. 

Oxygen  24^— three  atoms. 

.  Giving       40  for  the  number  represent- 
ing its  compound  atom. 


SECTION  VII. 

OF  SULPHUROUS  ACID. 

Phlogittieated  Sulphuric  Acid,  of  Stahl. 

Saiphnroas     I.  SULPHUROUS  ACID  may  be  obtained  by  the  following 
■jj^^    process:  Expose  a  mixture  of  two  parts  of  mercury,  and 
one  part  of  sulphuric  acid,  in  a  retort,  to  the  heat  of  a  lamp: 
an  effervescence  takes  place,  and  a  gas  is  extricated,  which 
must  be  collected,  in  glass  vessels,  over  mercury.  This  gas 
is  sulphurous  acid.    In  this  process,  the  mercury  robs  the 
sulphuric  acid  of  just  so  much  oxygen,  as  to  convert  it  into 
sulphurous  acid;  which,  being  a  gas,  causes  the  effervescence, 
just  spoken  of.  The  acid  gas  is  collected  over  mercury,  in 
consequence  of  its  absorbability  by  water. 
Itshistorj.       II.  Sulphurous  acid  was  first  examined  by  Stahl.  About 
the  year  1774,  Scheele  and  Priestley  obtained  it  in  the  ga- 
seous form,  and  described  many  of  its  properties.    Since 
that  time,  it  has  been  thoroughly  examined,  by  BerthoUet 
in  1782  and  1789;  by  Fourcroy  and  Vauquelin  in  17979 
and  by  Thomson  in  1803. 
ito  proper-      II I •  Sulphurous  acid  is  a  gaseous  fluid,  transparent  and 
^®*<  colourless,  like  common  air.    Its  taste  is  exceedingly  acid 

and  sulphurous.  Its  smell  is  strong  and  suffocating,  resem- 
bling exacdy,  that  produced  by  the  burning  of  sulphur.  It 
changes  vegetable  blues,  first  to  red,  but  afterwards  destroys 
them.  It  destroys  the  colours  of  many  animal  and  vegetable 
substances;  which  property  makes  it  useful  in  the  bleaching 
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of  wool,  and  for  removing  stains  from  linen,  produced  by  Cmap.  if. 
fruiu 

IV*  Sulphurous  acid  ga^  is  about  two  and  one-fifth  times  Spee.  grtT. 
as  beary  as  atmospheric  air.    When  exposed  to  a  cold  of     ^'^' 
— •  18^,  in  a  state  of  compression,  it  is  condensed  into  a  li- 
quid. It  does  not  support  combustion.  Neither  is  it  fit  for 
respiration.  Animals  forced  to  breathe  it  are  very  soon  des- 
troyed. 

V.  Water,  when  perfectly  saturated,  contains  33  times  Ab«orb«bic 
its  volume  of  this  acid  gas:  or  by  weight,  100  parts  of  wa-  *>y  ^•*^- 
ter  uke  up  91*5  parts  of  the  gas.    When  thus  combined 

with  water,  it  constitutes  liquid  sulphurous  acid.  It  is  very 
latde  heavier  iban  water.  It  may  be  frozen,  without  parting 
with  any  of  tHk  gas  which  it  contains. 

VI.  Sulphurous  acid  gas  and  oxygen  gas,  when  dr}*,  do 
not  act  upon  each  other;  but  if  moist,  they  combine  gradu- 
ally, and  the  product  is  sulphuric  acid.  These  gases  com- 
bine also  by  heat  and  electricity. 

VII.  At  a  red  heat,  sulphurous  acid  gas  is  decomposed  Aetionof 
by  hydrogen  and  charcoal;  water  and  carbonic   acid  areJJ^^"^*' 
formed,  and  sulphur  deposited.  It  is  not  decomposed  by 
sulphur  or  phosphorus,  under  similar  circumstances. 

VIII.  Of  the  metals,  sodium  and  potassium  decompose 
this  acid  gas  readily.  Iron  dissolves  in  it,  without  the  evo- 
lution of  any  gas.  The  peroxides  of  lead  and  of  manganese 
absorb  it,  and  are  converted  into  sulphates  of  these  metak. 
This  occurs  in  consequence  of  the  transfer  of  part  of  the 
oxygen  of  these  oxides,  to  the  sulphurous  acid;  where- 
by the  latter  is  converted  into  sulphuric  acid.  The  action 
of  the  other  metals  on  this  acid  gas,  is  but  imperfectly 
known. 

IX.  Sulphurous  acid  gas  is  composed  of  Compou- 

Sulphur  16 — one  atom.  itonof  wi- 

Oxygen  16 — two  atoms*  JcW. 

Giving      32  for  the  number  representing 
its  compound  atom. 


SECTION  VIII. 

OF  HYPOSULPHUEOXJS  ACID. 


I.  OxTGEM  combines  with  sulphur  in  a  smaller  proportion  Hpowi- 
than  that  which  exists  in  sulphurous  acid.  This  compound  Lid^KM  ne 
of  oxygen  and  sulphur  exists  in  certain  salts,  which  have  ^er  been 
been  called  hyposulphites.  Although  it  has  never  been  ob-  ^^  sepLnu 

2   C  "tate. 
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Book  I.    tained  in  a  separate  state,  it  is  supposed  to  possess  acid  pro- 

"'"° 1  parties,  and  the  name  hyposulphuric  acid  has  been  assigned 

to  it. 

IL  It  is  considered  to  be  composed  of 

Sulphur         16— one  atom. 
Oxygen  8-— one  atom. 

Giving         24  for  the  number  represent- 
ing its  atom. 


Siiiphar      Sulphur  forms  two  acid  compounds  with  hydrogen.  These 

forms  two       compoimds  are  usually  known  by  the  names  of  sulphu- 

hydrogen!    ♦   wtted  hydrogen,  and  supersulphuretted  hydrogen.  They 

will  be  described  in  the  two  following  sections,  under  the 

names  of  hydrosulphuric  acid,  and  hydrosulphurous  acid.^ 

SECTION  IX. 

OF  HYDROSULPHURIC  ACID. 

Uiuat  chemical  name,  Suipkuretted  Bydrt^en.  JEkfdrothiamcfAcidf  of  the 

Gerinan  Chemists. 

Hydrosul-       I*  Hydrosulphurig  ACID  may  be  obtained  by  pouring 
P'>'»«^*<?<*i  diluted  sulphuric  acid  upon  the  mass  formed  by  fusing  to- 
ed!^        '  gether,  in  a  crucible,  three  parts  of  iron  filings  and  two  parts 
of  sulphur.  The  gas,  which  becomes  immediately  extricated, 
.  consists  of  hydrosulphuric  acid.    It  must  be  collected  over 
mercury;  being  absorbable  by  water.    When  obtained  by 
this  process,  however,  it  is  generally  contaminated  with  hy- 
drogen. It  may  be  obtained,  perfecdy  pure,  by  digesting 

*  These  names  were  proposed  by  me,  for  the  compounds  of  salphor  and  hy- 
drogen,  in  an  essay ,  which  I  read  in  1818,  before  the  Colombian  Chemical  So- 
ciety, and  which  was  published,  the  soeoeeding  year,  in  their  Memoirs.^  The 
same  name  hat  been  proposed  for  one  of  them,  namely  sulphuretted  hydrogen^ 
by  Gay-Lussac. 

I  have  adopted  the  name  hydrosulphuric  and,  for  sulphuretted  hydrogen,  not 
only  because  the  compound  has  acid  properties;  but  especially  because  recent 
discoveries  have  made  chemists  acquainted  with  acids,  precisely  analogous  in 
composition,  in  which  a  similar  plan  of  nomenclature  has  been  adopted,  or  pro- 
posed by  high  authority.  The  acids  alluded  to  are  the  hyditxhleric,  the  hydri- 
odic,  and  the  hydrocyanic  acids.  With  regard  to  the  supersulphuretted  hydro- 
gen, this  compound  is  probably  a  binary  combination  of  sulphur  and  hydrogen. 
It  combines  with  some  of  the  salifiable  bases,  and  forms  compounds,  m  many 
resijiecu,  analogous  to  salts.  These  dreumstanoes,  together  with  that  of  its  con- 
taining less  hydrogen  than  sulphuretted  hydrogen,  have  induced  me  to  venture 
upon  giving  it  a  nam^  with  the  eharactenatic  termination  of  a  mib^aeid,  and  to 
place  It  among  the  acid  bodies. 

t  From  hydrogen  and  ^un  sulphur. 

$  Memoirs  of  the  Columbbin  Chemloal  Sooiety,  p.  180. 
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sulphuret  of  antimony,  in  powder,  in  hydrochloric  (muriatic)    Chap.  Ii. 
acid.  "^ 

IL  The  properties  and  composition  of  this  gas  were  first  lu  hiitoiy. 
investigated  by  Scheele  in  1777 *  The  gas  was  further 
examined,  in  1786,  by  Kirwan;  who  first  shewed  that  it 
possessed  acid  properties.  This  conclusion  of  Kirwan  was 
fully  confirmed  by  Berthollet  in  1 794.  It  was  still  further 
investigated  by  Berzelius  in  1807;  and,  more  lately,  by 
Gay-Lussac  and  Thenard,  and  Davy. 

III.  Hydrosulphuric  acid  is  a  colourless  and  elastic  fluid,  its  proper- 
like common  air.  Its  smell  is  strong  and  fetid,  not  unlike  ^®** 
that  of  rotten  eggs.    When  in  solution  in  water,  it  converts 
vegetable  blues  to  red.   It  is  about  one  and  one-fifth  tiroes  Spee.  gnv. 
as  heavy  as  common  air.  It  is  capable  of  combustion.  When      ^'^^' 
set  on  fire,  it  bums  with  a  bluish^red  iame;  and  a  quantity 

of  sulphur  is  deposited.  Wh/en  electric  sparks  are  passed 
through  ijt}  it  is  converted  into  an  equal  bulk  of  hydrogen 
gsis;  the  sulphur  being  deposited.  When  its  combustion  is 
complete,  it  is  converted  into  water  and  sulphurous  acid. 

IV.  This  acid  gas  is  not  fit  for  respiration.  Animals  forced 
to  breathe  it  are  destroyed. 

V.  hydrosulphuric  acid  gas  is  rapidly  absorbed  by  water;  Formi  vkk 
in  which  state  of  solution,  it  forms  liquid  hydrosulphuric  ^  *y  "[[yiro. 
acid.  When  the  liquid  acid  is  a  perfectly  saturated  solution,  aoiphario 
it  cont^s  about  two  and  a  half  times  its  bulk  of  the  gas.  ■"Jllj.Tjjti 
Xne  liquid  acid  possesses  the  property  of  precipitating  nearly  all 
nearly  all  the  metals  fropn  their  solutions.  The  metal  falls  ^^  metals, 
generally  as  a  sulphuret;  the  hydrogen  of  the  acid  and  the 
oxygen  of  the  metallic  oxicle,  going  to  form  water.  The 

s^cid,  therefore,  becomes  a  very  useful  test  for  the  presence 
of  metal^  i|A  aolutioQ;  more  cBpeciaUy  as  the  colour  of  the 
precipitate  produced  most  generally  indicates  the  particular 
metal  present.  The  colour  of  the  metallic  precipitates,  which 
it  produces,  may  be  seen  in  the  following  statement. 

Gold  and  Plationm  are  redneed.  Lead  is  preoipitated  Black. 

SiWer  is  precipiUted  Black.  Zinc  White. 

Mereary  BlHck.  Bismuth  Black. 

PaUadiom  Dark-brown.  Antimony  Orange. 

Copper  •  Blaek.  Arsenic.  Yellow. 

Tin  BrovQ.  Molybdenum.  Chocolate. 

Iron,  nickel,  cobalt,  D^ianganese,  cerium,  uranium  and  tita- 
nium, are  not  precipitated  from  solution,  in  the  mineral 
acids,  by  liquid  hydrosulphuric  acid;  and  but  imperfectly 
from  solution  in  vegetable  acid$. 

VI.  Hydrosulphuric  acid  combines  with- most  of  the  Forma  vHh 
salifiable  bases,  and  iforms  a  set  of  compounds,  which  are  ^•■^  ^y' 
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Book  l   very  analogous  to  salts.  These  combinations  will  be  describ- 
Divmonll.  ^  j  under  the  heads  of  their  respective  bases, 
drosui-  VII.  Hydrosulphuric  acid  is  composed  of 

Sulphur  16-— one  atom. 

Hydrogen  1— one  atom. 

Giving  17  fot  the  number  represent- 
ing the  weight  of  its  atom. 


phates. 

lucompo- 
sitioo. 


Hydroenl- 
phurous 
acid;  how 
obtained. 


SECTION  X. 

OF  HYDROSULPHUROUS  ACID. 
Uiaal  ehemioal  namesy  HydniguPcUed  Stdphur^^^SupernUphwrettedHydrogeii, 

I.  Htdrosulphurous  acid  may  be  obtained  by  adding, 
gradually,  hydrochloric  (muriatic)  acid,  to  the  brown- 
coloured  liquid,  obtained  by  boiling  together,  liquid  potash 
and  sulphur.  Hydrosulphuric  acid  is  evolved,  and,  at  the 
same  time,  a  substance  precipitates.  This  substance  is 
hydrosulphurous  acid. 

II.  Hydrosulphurous  acid  was  first  noticed  by  Scheele; 
but  it  was  BerthoUet  who  first  ascertained  its  chemical 
nature. 

its  proper-  III.  Hydrosulphurous  acid  is  a  liquid  of  a  yellowish- 
brown  colour,  having  considerable  resemblance  to  oil. 
When  exposed  to  heat,  it  drops  a  portion  of  its  sulphur, 
and  exhales  in  the  form  of  hydrosulphuric  acid  gas.  A  si- 
milar decomposition  of  it  takes  place  upon  exposure  to  air. 
It  forms,  with  some  of  the  ssdifiable  bases,  compounds, 
which  are  usually  called  hydroguretted  stilphurets*  They 
will  be  called,  in  the  present  work,  hydrosulphites,  and  be 
described  under  the  heads  of  their  different  bases. 


tiea. 


Selenium    Selenium  forms  one  acid  compound  with  oxygen;  namely^ 
DSolaoi?**'      selenic  acid.  This  acid  will  be  noticed  in  ttie  following 
%yith  oij-        section. 
^"  SECTION  XL 

OP  SELENIC  ACID. 

Selenie  I.  Berzelius  has  ascertained,  that  if  selenium  be  heated 

obui!^^  in  a  large  flask,  full  of  oxygen  gas  or  atmospheric  air,  it 
evaporates,  without  undergoing  combustion,  and  is  convert- 
ed into  a  gaseous  oxide.  This  fact  ought  to  have  been 
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mentioned  under  the  head  of  selenium*  On  the  other  hand,  Cbav.  n. 
if  selenium  be  exposed  to  heat  in  a  hollow  globe  of  glass,  — — — 
about  an  inch  in  diameter,  in  which  it  has  not  room  to 
evaporate,  and  a  current  of  oxygen  be  made  to  pass  through 
it;  this  peculiar  substance,  at  the  moment  of  ebullition, 
enters  into  combustion,  with  a  flame,  white  at  its  base,  but 
green,  or  bluish-green,  at  the  edges,  and  sublimes  without 
residue.  The  sublimed  product  is  selenic  acid.  Selenium  is 
converted  into  selenic  acid  also,  by  the  action  of  nitric  or  sul- 
phuric acid,  or  aqua  regia. 

II.  Selenic  acid,  immediately  after  it  is  formed,  has  a  lu  praper* 
lustre  peculiar  to  itself,  which  it  soon  loses  by  the  absorp-  ^^* 
tion  of  humidity  from  the  air.  It  has  an  acid  taste,  leaving 

a  weak  burning  sensation  upon  the  tongue.  In  the  form  of 
gas,  it  has  a  penetrating  odour.  It  dissolves  readily  in  cold 
water,  and  in  all  proportions  in  boiling  water.  It  combines 
with  salifiable  bases,  so  as  to  form  peculiar  salts. 

III.  Selenic  acid  is  composed,  in  whole  numbers,  of        Compon- 

Selenium        4CX— -one  atom*  ^'^* 

Oxygen  16— two  atoms* 

Giving  56  for  the  number  representing 
the  weight  of  its  atom.* 


Selenium  forms  one  acid  compound  with  hydrogen,  which  Seleniaa 
is  called  by  Berzelius,  selenuretted  hydrogen.  It  will  ^^iMeiemt 
be  noticed,  in  the  following  section,  under  the  name  of  Mid  wUh 
hydroselenic  acid.  hydrogen. 

SECTION  XII* 

OF  HYDROSELENIC  ACID. 

I.  Htdrosxlenic  acid  may  be  procured,  by  pouring  di«  Hydrotcp 
luted  hydrochloric  (muriatic)  acid  upon  selenuret  of  P<'t'*«- £^*J^n. 
sium,  contained  in  a  small  retort.  The  selenuret  swells  and  ed. 
becomes  red,  and  a  eas  is  extricated.  This  gas  is  hydrose- 
lenic acid.  It  was  discovered  by  Berzelius* 

II.  Hydroselenic  acid  is  an  invisible  and  elastic  fluid.  Its  proper- 
like  common  air.   It  acts,  with  great  violence,  upon  the^^ 
organs  of  respiration  and  of  smell.   A  bubble  of  the  gas, 

not  larger  than  a  pea,  is  capable  of  destroying  the  sense  of 
smell,  so  far,  as  not  to  be  sensible  to  the  impression  of  am- 
monia for  several  hours*  The  irritation,  which  it  produced, 

*  Beneliasi  Annslet  de  Chinue  et  de  Phjiiqae  IX.  S31.  et  leq.  (Not.  1818.) 


Mporl  e^iwfed  « ii^toknt  deflumion  from  tli«  dobis,  atid  the  eyes  to 
"^"^"  becoine  inttaiittljr  red*  It  diMolves  in  water,  totally  deprived 
of  air,  vitbout  dfoonipoaition;  but  the  presence  of  the 
3iBiaUe3t  quantity  q£  air,  c^ui&es  the  solution  tq  assume  a 
ried  colour.  This  appearance  of  a  red  colour  is  oving  to  the 
rieduciion  of  the  selenium;  thu  hydrogen  of  the  acid,  com* 
bining  wilh  the  oxygen  of  the  common  air  present,  forming 
water.  The  solution  is  colourless,  and  posttsses  an  hepatic 
taste.  It  stains  the  skin  of  a  brown  colour,  which  cannot  be 
removed  by  washing.  It  becomes  decomposed  by  exposuije 
jto  air,  first  in  the  upper  parts,  but  afterwards  the  whole, 
and  changes  throughout  to  a  red  cqlour;  the  aelemufn  being 
{reduced*  I^  precipitates  all  metallic  aolutions,  not  excepting 
those  of  zinc  and  iron,  when  in  a  neutrsd  state.  All  these 
precipitates  are  of  a  black  or  brown  colour,  except  those  of 
zinc,  manganese,  and  cerium,  which  are  of  a  flesh  colour. 
The  acid  gas  combines  with  some  aali&able  bases,  and 
forms  compounds  analogous  to  salts. 
ComiwiiT        lix.  Hydroselenic  acid  is  composed,  in  whole  numbers,  of 

Selenium  37 

Hydrogen  1 

38^— -Supposing  it  a  con- 
pound  of  one  atom  of  each  of  its  constituents;  then  the 
weight  of  an  atom  of  selenium  would  be  represented  by  the 
number  37.  Thus  it  is  perceived,  that  the  same  equivalent 
number  cannot  be  deduced  from  the  consider^ition  of  the 
science  and  hydroselenic  acids. 


Telinriam  Tellurium  forms  one  f  cid  compound  with  oxygen;  namely, 
taS'add  teUuric  acid.  This  acid  will  be  noticed  in  the  following 
^ith  oKT-       section. 

*^  SECTION  XHL 

OP  TELLU^tlC  ACID. 

Teiinrio  I*  Tfii^uJKivu  forms$  wijth  o^rgen,  but  .one  compou^^, 

•^«  "i-      which,  in  different  salts,  sometimes  performs  4^^  p^pf  ^ 

g0,^^iiacid»  and  sometimes  of  a  s^Jlifiable  base.  As  the  acco.u9t  of 

salifiable'    the  snjlij&able  bases  precedes  that  of  the  ^cids,  in  this  work, 

*^'         it  bef:9fnfi  necessary  to  describe  this  compound  first  a^  a 

aalifiabile  base;  and  this  is  done  under  the  head  of  telluric, 

pAge  49.  It  is  meoitioned  bere  incide^ts^,  in  order  tb?t 


*  BendfaM,  AmuOet  deChimie  ct  de  Pbyaiqae  IX.  p.  831.  et  seq.  (No?.  tSlS.) 
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the  enutneratioD  of  the   acids,  embraced  by  the  present  CjU^.ti. 
class,  may  be  complete. 


•      h 


Tellurium  forms  one  acid  eompound  with  hydrogen.  This  TeHariom 
combination  is  generally  called  telluretted  hydrogen*  It  ^||j||^J^^^ 
will  be  noticed,  undet  the  tnune  of  hydrotelluric  acid,  aeid,  with 
in  the  foUawing  section*  hydrogen. 

SECTION  JCIV. 

OF  HTDROTBLLURIO  ACID. 

I.  Hydrotelluric  acid  may  be  formed  by  pouring  Hydrotei- 

<liluted  Suiphurib  acid  upon  a  mixture  of  oxide  ^f  t^"^'^^^"^»  jjJji^oKtSii- 
potsish  Ahd  charcoal,  the  latter  having  been  previously  ex-  ed. 
posted  to  a  red  heat.-  A  gas  is  immediately  eVolved,  which 
ihtisi  be  collected  over  mercury.  This  gas  is  hydrotelluric 
acid,  tt  Was  discovered,  in  1803,  by  Sir  H.  Davy. 

II.  Hydrotelluric  acid  is  a  colourless  and  elastic  fluid  Iti  proper* 
fike  coiMttlon  air.  Its  smell  is  strong  and  peculiar,  and^** 
sbthewhat  i^sembles  that  of  hydrosulpburic  acid  (sulphu- 
retted hydrogen).  It  burns  ^ith  a  bluish  dame^  and  is  don- 
▼erted  into  oxide  of  tellurium.  Its  solution  in  water  has  a 
claret  colour.  Like  hydrosulpburic  acid,  it  precipitates  most 
metallic  solutions,  it  is  capable  of  neutralizing  salifiable 
bases,  with  which  it  forms  compounds  analogous  to  salts. 


CLASS    H. 

JiClDS,  WJiOSR  JBAISJES  FORM  ACID  COMPOUJ^DSy  WtTH 

OXTQEJ^  OJ^TLT, 

ActDs  belonging  to  this  class  are:  Seeond 

1.  Kitrie  Add.  7.  Phcttpfaorbat  Aeid.  19.  M<rfyMi&  AMd.         !!.!!f.^»., 

2.  NitroQt  Acid.  8.  Hypopbon>horotts  IS.  Molybdoat  Add.       f^.!S 

3.  HypoDitroQt  Add.  Add.  14.  Tangstic  Add.  mcratefl. 

4.  Carbonic  Add.                 9.  Arsenic  Add.  15.  Cotomhio  A«id. 
'i,  Boracie  Acid.  10.  ArsenioQt  Add.  16.  Antimonic  Add. 
6.  Pho6phorio  Add.  11.  Chronrdc  Add.  17.  Antimonioiit  Avidi. 

Tliese  acids  will  be  described,  in  the  order  ih  which  they 
haVt  been  entimerat^d,  in  the  fdllowitig  sections. 
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Axote  Asote  forms  three  acids  with  oxygen;  namely,  nitric  acid, 
a^db'^h^  nitrous  acid,  and  hyponitrous  acid.  These  acids  will  be 
ezygen.  described  in  the  three  following  sections. 

SECTION  I. 

OP  NITRIC  ACID. 
Common  namesy  Spirit  of  Mirc'^^Agua  J^orHi. 

Nitrie  Mid;  I.  NiTEic  ACID  may  be  obtained  by  the  foDdwing  pro- 
howobuia-^ggg.  jjjj^  |.^q  p^rtA  of  nitrate  of  potash  (nitre)  with  one 

part  of  sulphuric  acid,  in  a  glass  retort.  Adapt,  to  the  mouth 
of  the  retort,  a  receiver,  from  which  a  glass  tube  passes 
into  one  of  the  exterior  openings  of  a  botde  with  three 
mouths*  Pour  a  litde  water  into  the  botde,  and  fix  a  tube 
of  safety*  to  its  central  mouth.  To  its  third  mouth,  adjust 
a  second  tube,  and  let  it  communicate  with  the  pneumktic 
trough.  The  apparatus  being  thus  arranged,  apply  heat  to 
the  retort,  and  mdually  increase  it,  until  it  reach  the  tem- 
perature of  50Cr.  A  vapour  is  evolved,  which  condenses  in 
the  receiver.  This  condensed  vapour  consists  of  nitric  acid, 
holding  in  solution  a  portion  of  deutoxide  of  azote  (nitrous 
gas).  Expose  it,  for  some  time,  to  the  influence  of  heat:  the 
deutoxide  of  azote  will  be  driven  off;  and  the  nitric  acid, 
left  behind.  The  nitric  acid  is  formed  in  this  process,  in 
consequence  of  the  decomposition  of  the  nitrate  of  potash. 
The  sulphuric  acid  combines  with  its  potash,  while  the 
nitric  acid  is  extricated  in  the  form  of  vapour. 

II.  The  Edinburgh  college  directs  the  following  process 
for  preparing  nitric  acid:  Expose  nitrous  acid,  in  a  retort, 
furnished  with  a  receiver,  to  a  very  gentle  heat,  undl  its 
reddest  portion  shall  have  passed  over.  What  remains  in 
the  retort  will  be  nitric  acid.  The  liquid,  which  is  called  by 
the  Edinburgh  college,  nitrous  acid,  is  in  fact  nitric  acid, 
holding,  in  solution,  a  quantity  of  deutoxide  of  azote 
.  (nitrous  gas).  The  same  kind  of  nitric  acid  is  obtained 
in  the  process  detailed  in  the  preceding  paragraph.  When 
it  is  exposed  to  heat,  the  deutoxide  of  azote  is  driven 
off. 


*  A  tQbe  of  safety  is  a  tabe,  vhich  is  fixed  in  vessels,  id  whieh  distillations  aro 
made,  vith  one  end  open,  eoroiounicating  with  the  external  air,  and  the  other 
immersed  below  the  suKaee  of  the  liquid  oontaiiied  in  them.  It  has  the  effr>ct  of 

SreTenting  the  bursting  of  vessels;  for  if  a  vaouum  take  place,  the  air  mshea 
own  the  tube  of  safety,  and  restores  the  equilibrium  of  pressure.  On  the  other 
hand,  if  any  gaseous  fluid  be  suddenly  extricated,  the  oontained  liquid  is  foraed 
up  the  tube. 
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III.  Nitric  iicrd  n^ears  to  have  bf^  first  <M!aitied  by  htiiv.  % 
Xayfnond  LuHy«  a  chemist,  who  fivied  in  the  isA  ccnttiry.  — — 

IV.  Nitric  acid,  when  receiitfy  prepai'ed,i^  atransfnirent  i^s  prop«r- 
'amd  cierfotirless  liquid  Kke  witer.  Its  taste  is  exceeding  acrid,  tics. 

It  corrodes  rapidly  animal  substanires  of  all  kinds.  When 
applied  to  the  skin,  it  stains  that  membrane  of  an  indelible 
yellow  colour.  It  constantly  emits  white  fumes,  which  have 
sin  acrid  atid  disagreeable  odbur.  It  is  very  readily  de^m- 
]H>sed;  ^ven  the  action  of  light  will  cause  it  to  evolve  oty- 
gen  gas,  and  to  form  deutoxide  of  azote,  whereby  it  assumes 
a  yellow  colour. 

V.  Nitric  acid  has  never  been  obtained  perfectly  free  Always 
from  admixture  of  water.  When  as  much  concentrated  as  JJJ[J!^"* 
|>os8ible,  it  is  about  one  and  a  half  times  as  heavy  asSpee.gi«T. 
water.  When  its  specific  gravity  is  1*42,  its  boiling  point      *'**• 
ia  at  the  temperature  of  248^.  If  it  be  more  or  less  concen- 
trated, its  boiling  point  is  lower.   When  exposed  to  the 
temperature  of  -^^  66^,  it  begins  tb  cohgeal;  and,  if  agitated. 

Is  converted  Into  a  mass  of  the  coiisifttence  of  butter.  The 
^ct,  that  nitric  acid  has  never  been  obtained  free  frofii 
Crater,  proves  the  strong  affiility  which  it  has  for  this 
liquid.  It  attt-acts  moisture  from  the  ^tihosphere;  but  nbi 
with  the  same  Avidity  as  Sulphuric  acid  dobs^ 

VI.  Nitrie  acid  is  capable  of  combiiiihg  with  dxygeh,  ds  May  be 
Thenard  has  lately  discovered*  This  chemist  obtained  the  ^Jj^^^Jf 
oxidized  acid  in  thefbliowihg  ihaiitier.-i^PerOxide  of  barium  grees. 
was  first  moistened  with  water,  so  as  to  make  it  fall  to 
Ikiwder,  and  then  mited  with  seveti  of  eight  times  its 
Weight  of  water.  t3iluted  nitric  acid  was  now  added  to  the 
mixture:  no  gas  was  evolved,  artid  the  sdludoh  was  found 

to  be  neutral.  Upon  lidding  sulphurife  acid  to  the  solutioh, 
tmlphate  of  barytes  was  immediately  precipitated;  and  the 
second  dose  of  oxygen  of  the  peroxide,  instead  of  being 
evolved,  was  transferred  to  the  nitric  acid.  After  the  in* 
atduMe  sulphate  was  removed,  the  ^maiiAhg^  liquid  proved 
to  be  an  oxidized  nitric  acid.  Oxynitric  Atid  is  a  colourless 
liquid.  It  is  capable  of  reddenit>g  vegetable  blues.  It  pos- 
sesses most  of  the  pi^operties  of  nitric  acid.  When  heated, 
it  parts  with  itsr  oxygen,  but  not  comfpletely,  unless  sifter 
being  kept  l>oiling  for  a  considerable  time.  It  was,cotrceil- 
tfated  so  fiir,  by  Thenard,  as  to  contain  elevcfh  ttnres  its 
bulk  of  oxygen.  It  combines  #ith  sonte  of  the  salifiable 
Imses,  with  wh?eh  it  formsr  very  decompdsable,  non-ct'y^al- 
lizable  salts.* 


*  The  faels  abore  eiven,  refpeoting  oxynkrie  acid,  were  taken  from  a  traas* 
latfto  of  Thenard'a  pifipcr^  in  the  Aimaik  of  Phitoioiphy. 

2D 
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Book  I.       VIL  Nitricacidis  decomposed  by  all  thecombustibles^ex- 
DivMion  11.  Q^pi  (tie  diamond,  gold,  platinum,  palladium,  rhodium,  and 
Actum  of    columbium.  It  is  not  aiOFected  by  hydrogen,  at  the  common 
b?^  uiwn    temperature  of  the  air;  but,  if  passed  along  with  this  comr 
nitrio  aokL  bustible,  through  a  red-hot  porcelain  tube,  a  violent  detona- 
tion takes  place;  water  is  formed,  and  azote  evolved.  When 
poured  upon  charcoal,  perfecdy  dry  and  minutely  divided, 
it  is  decomposed  with  such  rapidity,  that  the  charcoal  is 
instandy  inflamed.  In  like  manner,  it  inflames  phosphorus 
and  sulphur,   at  high  temperatures.    When  poured  upon 
perfectly   dry   iron   filings,   it   parts  with   its   oxygen    so 
>     suddenly,  as  to  set  them  on  fire.  The  same  effect  is  pro- 
duced, when  the  acid  is  poured  upon  zinc,  tin,  or  bismuth, 
in  a  state  of  fusion.   When  poured  upon  drying  oils,  it  sets 
them  on  fire  instantaneously.  The  same  effect  is  produced 
upon  other  oils,  provided  a  little  sulphuric  acid  be  first 
added  to  them. 
Nitrio  add       VIII.  Nitric  acid  has  the  property  of  absorbing  deutox* 
deutoxide    *^^  of  azote  (nitrous  gas),  in  different  proportions.  This 
of  azote,     combination  was  formerly  called  phlogisticated  nitric  acid. 
When  the  gas  is  placed  in  contact  with  the  acid,  the  latter 
becomes  at  first  a  pale  yellow,  then  a  bright  yellow. .  After 
a  considerable  quantity  of  the  ga^s  is  absorbed,  the  acid 
becomes  dark-orange,  then  olive,  which  colour  increases  in 
intensity,  ^s  the  absorption  proceeds.    The  next  colour, 
which  appears,  is  bright-green;  and  lasdy,  when  fully  sa- 
turated, it  is  blue-green. 
Itiade«om.      IX.  When  nitric  acid  is  mixed  with  hydrochloric  (mu- 
P^»  .  '^  riatic)  acid,  a  decomposition  instandy  takes  place,  and  the 
ed  witli  by-  odour  of  chlorine  becomes  perceptible.  Part  of  the  nitric 
dmblorie   ^cid  is  decomposed  into  deutoxide  of  azote  (nitrous  gas) 
and  oxygen.  The  deutoxide  of  azote  remains  in  solution  in 
the  acid;  the  oxygen  combines  with  the  hydrogen  of  the 
hydrochloric  acid,  while  the  chlorine  of  the  latter  is  evolv- 
ed. The  mixture  of  nitric  and  hydrochloric  acids  was  former- 
ly called  aqua  regia. 

X.  When  nitric  acid  is  poured  upon  iodic  acid,  in  a  con- 
centrated state,  white  crystals  are  deposited,  which,  upon 
drying,  are  partly  sublimed,  and  pardy  decomposed  into 
iodine,  oxygen,  and  nitric  acid. 
It  forms  ni-     XI.  Nitric  acid  combines  with  the  different  salifiable 
trrttet  with  bases,  and  forms  a  set  of  salts  called  nitrates.  These  salts 
will  be  described  under  the  heads  of  their  respective  bases. 
Compoti-        XII.  Nitric  acid  is  composed  of 
^^^  Azote         14— one  atom. 

Oxygen       40^five  atoms. 

Giving  54  for  the  number  representing 
the  weight  of  its  atom. 
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XIIL  Priestley  and  Lavoisier  made  the  preparatory  in-  Chap.  n. 
▼estigations,  which  led  to  the  discovery  of  the  constituents  Aeooant  of 
of  nitric  acid.   Lavoisier  had  suspected,  from  an  expert-  *^  <!■•«»- 
ment,  in  which  he  decomposed  ni  crate  of  potash  (nitre)  by  ^nttito*** 
charcoal,  that  the  base  of  nitric  acid  is  azote.  Several  of  «nti. 
Dr.  Priestley's   experiments   seemed  to   show   the   same 
thing.  But  its  particular  constituents  were  not  absolutely 
demonstrated,  before  Cavendish  made  his  celebrated  expe- 
riment of  forming  nitric  acid,  by  passing  repeated  shocks 
of  electricity,  through  a  mixture  of  oxygen  and  azotic 
gases. 

XIV.  Nitric  acid,  in  a  state  of  vapour,  has  been  employ-  Nitm  Mid 
ed  to  destroy  the  contagion,  or  noxious  ef&uvia,  with  which  f*\^^^ 
jails,  hoapiuls,  ships,  and  over-crowded  places,  are  liable  to  tr%xy'm^ 
become  infected.  The  manner,  in  which  it  is  employed,  is  to  <»n^9<?»» 

-.i_ir  r      '^     ^       r        ^l^'^n*  and  noxious 

put  halt  an  ounce  ot  nitrate  ot  potash  (nitre)  m  a  saucer,  effluTia. 
placed  in  an  earthen  vessel,  filled  with  heated  sand.  To  the 
nitrate  of  potash,  two  drams  of  sulphuric  acid  are  to  be 
added;  which  decomposes  the  nitrate,  the  nitric  acid  flying 
off  in  a  state  of  vapour.  The  nitric  fumes,  from  the  decom- 
position of  half  an  ounce  of  nitrate  of  potash,  are  calculated 
to  be  sufficient  to  fill  a  cube  of  ten  feet.  The  application  of 
nitric  acid  vapour,  to  the  purposes  of  purifying  infected 
apartments,  was  first  made  by  Dr.  Carmichael  Smyth; 
who  received  for  his  discovery,  from  the  British  govern- 
ment, a  reward  of  five  thousand  pounds. 

XV.  Nitric  acid  constitutes  an  important  article  of  the  Nitrie  aeid, 
materia  medica.   Its  action  appears  to  be  that  of  a  very*°*™P^' 
powerful  stimulant.    It  has  been  used,  with  advuitage,  in  oIdc 
low  typhus  fevers.  In  the  venereal  disease,  when  combined 

with  deutoxide  of  azote- (nitrous  gas),  under  the  form 
of  what  is  commonly  called  nitrous  acid,  it  has  been  used 
w^th  unequivocal  advantage.  It  has  suspended  all  the 
symptoms  of  that  disease,  whether  of  its  first  or  second 
stage;  and,  in  some  cases,  they  have  not  returned.  It  cannot, 
however,  be  depended  upon  as  a  remedy  in  syphilis;  but  as 
an  auxiliary  means  in  its  treatment,  in  some  cases,  it  is  of 
indispensable  importance.  These  cases  are  such,  in  which, 
from  an  impaired  constitution,  mercury  cannot  be  resorted 
to  at  once.  Here  then  the  acid  removes  the  more  alarming 
symptoms,  increases  the  strength  of  the  system,  and  thereby 
prepares  the  way  for  the  subsequent  exhibition  of  mercury* 
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SJECTION  IL 

9F  NITROUS  ACID, 

I;  NiTAOtrs  acid  may  be  obtained  by  distilliog  perfectly 
dry  nitrate  oi  lead  in  a  reton,  fitted  with  a  receiver*  A 
liquid  cornea  over,  which  is  nitrous  acid. 

IL  Nitrate  of  lead  is  composed  of  nitric  acid  and  pro- 
toxide  of  lead*  When  it  is  exposed  to  heat,  the  lead  becomes 
peroxidizcd  at  the  expense  t>f  the  acid,  which  distils  over 
fn  the  form  of  nitrous  acid. 

III.  This  acid  was  discovered  by  Scheele.  This  chemist 
found,  that,  when  nitrate  of  potash  (nitre)  was  exposed,  for 
a  certain  time^  to  a  red  heat,  a  quantity  of  oxygen  was  ex- 
tricated; yet  the  neutral  properties  of  the  salt  were  not 
altered.  If  acetic  acid  be  poured  upon  this  salt,  vapours  o£ 
nitrous  acid  are  evolved* 

IV.  Nitrous  acid  is  an  orange-coloured,  very  volbtik^ 
fuming  liquid*  Its  taste  is  very  sour.  When  mixed  with 
water,  an  effervescence  ensues,  and  deutoxide  of  azote 
(nitrous  gas)  is  extricated.  It,  therefore,  appears  incapable 
of  uniting  with  water. 

V.  It  is  somewhat  less  than  one  and  a  half  times  as^ 
heavv  as  water.  Its  boiling  point  is  at  the  temperature 
of  S^. 

VI.  It  combines  with  many  of  the  salifiable  bases,  and 
fprms  a  set  of-  salts  called  nitrites*  These  salts  wiU'  be 
described  under  the  heads  of  their  respective- bases. 

VII.  Nitrous  acid  is  composed*  of 

Azote  14— one  atom. 

C^xygen        32 — ^four  atoms* 

Giving,  4J5,f9r  tfe^  n|ifnbqrt rfspr^^pnting^. 
%Mricigl|<qf,it^a|o«, 
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SECTION  Uli 

OR  iIVP0NIT90Ve.AfiiB.. 

I.  Gay-Lussac  has  made  it  prq|>able,  from  his  experi- 
ments, that  there  is  another  compound  of  azote  and  oxygen, 
possessing  acid  properties,  which  contains  less  oxygen  than 
nitrous  acid.  To  this  combination  he  gives  the  name  of 
pemitrous  acid.  The  name  adopted  here  is  that  proposed 
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hy  DnThMWin..  ThmofempoandlhaaiiflvierbcBikofalabed  CftAnH: 
in  a  fttsparote  stato;  neither  ib  it  known  whether  m  m.  cap*-     - 
ble  of  combining  with  aalifiablr  basea«t 
II«  b  ^iMiirs.  to  be  composed  of 

Azote  ]i4^-*^one  atom* 

Qzy^a         ^1  three  atomab 

Giving  38  for  the  nqipber  representing 
its  atom- 


Carbon  fbrms  but  one  acid*  by  combining  wkb  oxygen;  CwboB 
namely,  carbonic  acidi  This  acid  is- described  in  the  fol^oneacM* 
lowing'  section.  with  ozj- 

geo. 

SECTION  IV: 

OP  OARBOinC  ACID. 
Syn.  Fixed  JHr,-.^AfrUU  Acid'-Jli^hiiU  Jldd.'^Calfare^ 

h  Carbonic  acid  maybe-obtained  by  pouring  sulphuric  Carbooio 
acid  upon  a  quantity  of  chalk,  mixed,  with   water.    An  JJJifin^^ 
effervescence  takes  place,  and  a  gas  is  extricated:  this  gaSf 
is  carbonic  acid* 

II.  Chalk,  is  a  compound  of  the  acid  under  description 
ai^d  lime.  The  sulphuric  acid  poured,  upon  it  combines  wittb 
the  lime,  and  disp)aces  the  carbonic  acid,  which  flies  off.  in 
the  form  of  gas. 

Ill*  Carbonic  acid   is  a  gaseous  fluid,   invisible   and'^  P^'^P*'- 
elastic  like  common  air.  It  is  destitute  of  smell.  It  reddens     ** 
titicture  of  tum^ol,.  but  no  other  vegetable  colour.  It  is 
not  altered  by  exposure  to  heat  ib  close  vessels,. or  by  be- 
ing passed  through  a  red-hot  .tube. 

IV.  It  is  a  little  more  than  one  and  a  half  times  as  heavy  Spec jmw 
as  common  air.  Its  .weight  is. sufficient  to  admi^qf  its. being,    ^^^' 
poured  from  one  vessel  to  another. 

V.  Carbonic  acid  does  not  support  combustion.  When  a. 
lighted  cfuidlc  is  plunged  into  the  gas,  it  is  immediately 
extinguished.  The  same  effect  is  produced  when  the  g^  is 
poured  upotfi  a  burning  body.   It  is  not  fit  for  supporting^ 
respiration. 

VL  At  the  temperatore  of  55^,, water  absorbs  a  little. Abforbtbie 
more  than  its  bulk  of  this  gas,  and,  suffers  a  small,  increase  ^  ^*^^' 
in  its  sp^ecific  gravity.    At  the  temperature  of  35^,. liquid 
carbonic,  acid^h^f  i^o  ta3t^;.b»it  at JB8  ,.it  becomes  sp^Uing^ 
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Book  I.    and  agreeably  acid.  Ice  is  not  capable  of  absorbing  this 
Difiiion  n.  gug.  ^^^^  jf  water,  saturated  with  it,  is  either  frozen  or 
boiled,  the  whole  of  the  gas  is  separated. 

By  artificial  pressure,  water  may  be  easily  made  to  take 
up  six  times  its  bulk  of  this  gas,  or  even  a  much  larger 
quantity.   Water,  when  thus  impregnated,  and  a  portion  of 
carbonate  of  soda  dissolved  in  it,  constitutes  the  soda  water, 
which  is  so  largely  drunk,  in  the  summer  season,  in  the 
cities  of  the  United  States. 
Aetkm  of       VII.  The  undecompounded  supporters  do  not  appear  to 
Jl^)*""''   have  any  action  upon  carbonic  acid.    Of  the  combustibles, 
charcoal,  at  a  red  heat,  robs  it  of  part  of  its  oxygen,  and 
converts  it  into  carbonic  oxide.   Phosphorus  is  capable  of 
decomposing  this  acid  when  combined  with  lime,  by  means 
of  heat;  phosphoric  acid  is  formed,  which  combines  with 
the  lime,  and  charcoal  is  deposited. 
ComUnes        VIII.  Carbonic  acid  combines  with  salifiable  bases,  and 
uid'fOTmr'  foi'™^  A  8^^  ^f  compounds  called  carbonates*   These  salts 
oarbonatei.  will  be  described  under  the  heads  of  their  respective  bases. 
Compoa-        IX.  Carbonic  acid  is  composed  of 
•***•  Carbon  6— one  atom. 

Oxygen  1&— two  atoms. 

Giving    22  for  the  number  representing 
the  weight  of  its  atom. 
Carbome        X.  The  nature  of  carbonic  acid  was  gradually  ascertsun- 
flfj^ftli?^'^  ed  by  the  successive  labours  of  chemists.  Hales  had  noticed 
that  a  certain  air  could  be  separated  from  limestone  and 
similar  substances,  and  that  it  was  one  of  their  constituents* 
The  bare  fact  of  its  existence  was  all  that  was  knovm  con- 
cerning it,  before  the  discoveries  of  Black.  This  chemist 
aieertam-    ascertained,  that  it  existed  in  chalk,  in  common  magnesia, 
^^7^'^^and  in  common  potash  and  soda;  and  that  these  substan- 
Mtub,  to-  ces,  in  their  caustic  state,  were  deprived  of  their  causticity, 
r  *^      by  combining  with  this  air.  As  it  became  fixed  in  these 
thdr  eutt-  bodies,  under  certain  circumstances,  he  gave  it  the  name  of 
tieitTj  by    fixed  air.  After  Black,  Cavendish  and  Priestley  made  ex- 
^  tfam.  periments  upon  the  air,  and  ascertained  many  of  its  proper- 
ties.   Kier  was  the  first  to  ascribe  to  it  acid  properties; 
which  were  afterwards  proved  to  belong  to  it  by  Bergman 
and  Fontana.   Bergman  adopted  the  opinion  of  Priestley, 
that  it  was  an  element  of  atmospheric  air,  and  called  it 
aerial  acid*    From  its  occasioning  death  when  respired^ 
Bewdley  called  it  mephitic  acid* 

By  the  labours  of  the  chemists  just  mentioned,  the  more 
important  properties  of  fixed  air  were  ascertained.  But  the 
important  question  was  yet  to  be  answered;  was  it  to  be 
considered  a  compound  or  an  elementary  substance? 
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Priestley  and  Bergman,  at  first,  appear  to  have  const-  CaAr.n. 
dert.d  it  an  elementary  substance;   while  some  other  the-  SupiKMedt 
mists  accounted  it  an  acidifying  principle*    As  soon  as  its  bv  tome 
com}>ound  nature  was  ascertained,  and  that  oxygen   was  to^Tan^ 
one  of  its  constituents,  the  general  belief  was,  that.it  was  a  eiemenury 
compound  of  oxygen  and  phlogiston;  and  when  hydrogen  •«*»^*n««- 
(according  to  Kir  wan)  came  to  signify  the  same  thing  as 
phlogiston ^  of  oxygen  and  hydrogen. 

While  the  opinions  of  chemists  were  thus  vacillating,  as  proved/bj 
to   the  real  nature  of  fixed  air,  Lavoisier  succeeded  inf*;*"****" 

,  '  J  I  ¥  ^o  be  oom- 

provmg  Its  constituents  to  be  oxygen  and  carbon,   it  was  posed  of 
this  chemist  who  gave  it  the  name  of  carbonic  acid,  from  the  o»}«;«n«n* 

r  .      ,  **  *  carbon. 

name  of  its  base* 


Boron  forms  but  one  acid  with  oxygen;  namely,  boracic  Boron 
acid.  This  acid  is  described  in  the  following  section^        ^"^J^add^ 

withoxy* 

SECTION  V.  *^ 

OF  BORACIC  ACID. 
Sedative  er  ^areetic  SaU  of  Homber|^ 

I.  Boracic  acid  may  be  obtained  by  dissolving  borax  BoraeW 
in  hot  water,  filtering  the  solution,  and  afterwards  precipi-  ^\  ^ 
fating  it,  by  means  of  sulphuric  acid,  added  in  excess* 
A  crystsdlized  precipitate  falls,  which,  when  washed,  and 
dried  on  filtering  paper,  is  boracic  acid  in  the  state   of 
hydrate. 

II.  Borax  is  a  compound  of  boracic  acid  and  soda* 
When  sulphuric  acid  is  added  to  its  solution,  it  is  decom- 
posed; sulphate  of  soda  is  formed,  and  boracic  acid,  preci- 
pitated* 

III*  Boracic  acid  has  heretofore  been  found  only  in  bo-  Ezittionly 
rax^  in  a  state  of  combination  with  soda*  ^  **^**^ 

IV.  Boracic  acid  was  discovered,  in  1702,  by  Homberg,  DiMOfec- 
by  whom  it  was  called  sedative  or  narcotic  salt,  while  dis-  ho^|,^«. 
tilling  a  mixture  of  green  vitriol  and  borax.   Homberg  was 
not  aware  of  its  real  nature;  and  it  was  not  until  about  50 
years  afterwards,  that  its  acid  properties  were  ascertained, 
when  it  was  named  boracic  acid* 

The  discovery  of  its  compound  nature  and  constituents, 
by  Gay-Lussac  and  Thenard,  and  Davy,  has  already  been 
noticed  under  the  head  of  boron. 

V*  Boracic  acid,  as  obtained  by  the  process  given  in  the  Properties, 
first  paragraph^  is  a  solid,  in  the  form  pf  scales,  of  a  silver- 


-BmkI.  'wliii;^  ookMir.  Ittat a  gimsy  fcel^ md Ml sMk^ nsMHttMibce 
Bivbion  n.  ^  BfKTmaceci.  ItB  ta«te  is  '«Miie«(rhat  soar  at  firsti  it  thell 
beootnee  bitterish  and  coolmg,  and  at  last  agreeably  sweet. 
After  beiag  healed  to  l^dness,  however^  it  loaes  its  soOt 
taste.  It  has  no  smell;  but  die  addition  of  suiphuric  add  t6 
it,  produces  a  tnuwient  odour  of  muskk  Ve^table  blues  are 
changed  to  Ded  by  its  action. 
^P^f-  B^^*  VL  It  is  somewhat  less  than  one  and  a  half  times  aft 
heavy  as  water.  It  is  perfecdy  fixed  in  the  fire.  Its  melting 
point  is  at  a  red  beat.  By  fusion,  it  is  converted  into  a  hard 
transparent  glass,  which  hecomes  somewhat  opaque  by  eic- 
posure  to  air.  In  this  state,  its  specific  gravity  is  1'803. 

VII.  Boiling  water  scarcely  dissolves  the  -^th  part  of 
its  weight  of  boracic  acid;  and  cold  water,  a  still  smaller 
quantity.  When  this  solution  is  distilled  in  close  vessels, 
part  of  the  acid  comes  over  with  the  water.  Hence,  al- 
though extremely  fixed  in  the  dry  state,  when  in  solution, 
it  is  somewhat  volatile. 
Aotkmor  VI IL  None  of  the  uitdecompounded  supporters  e:tert 
bUi.***^  any  action  upon  boracic  acid.  Of  the  undecompounded 
combustibles,  the  only  ones,  which  appear  capable  of  de- 
composing it,  are  potassium  and  sodium. 

IX.  Boracic  acid  combines  with  many  of  the  salifiable 
bases,  forming  salts  called  borates. 

X.  The  exadt  composition  of  boiiiek  aeld  has  not  been 
weQ  made  out.  The  analyses  of  Gay-Lussac  and  Davy  are 
so  discordant,  as  to  forbid  any  coni^dence  being  placed  in 
either. 

f??^  XL  Boracic  acid  was  considered  by  its  discoverer,  Hom- 

erij'uied'  '^^'gt  to  be  a  Very  efficacious  remedy  in  continued  fevers; 

in  mcdl-     and,  for  a  long  time,  it  enjoyed  conslderalile  reputation,  in 

^  France,  for  the  cure  of  this  class  of  diseases.    At  the 

present  day,  although  an  article  of  some  power,  it  is  very 

seldom  employed. 


Pboroho.    Phctfphorua  foraes  three  acida  by  comUtHag  with  oxygen; 
three  Midi      naooely,  phosphoric  acid,  pbosphorooa  aGtd,  and  hypo^ 


^^Mioiy-       phosphoroas  acid.  These  acidB  will  ba -described  m  Ite 
^^'  three  following  sections. 

SECTION  VI. 

OP  PHOSPHORIC  ACilX 

Photnliorio      I.  Phosphoric  acid  nmy  be  obtntned  by  the  foHowin^ 

^2^|jg^    peocesst  Mix  the  liqiiid,  obuined  by  the  riow  conlbus^on 

of  pbesphoniay  with  nttrk  tAdif  aHow  the  mixtare  ta  sMid 
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for  a  few  days,  and  then  evaporate  it  to  dryness*  The  dry  OHir.it 
mass  18  phosphoric  acid  hi  the  state  of  hydrate.  — — . 

II.  When  phosphorus  is  subjected  to  slow  combustion,  a 
liquid  is  formed,  which  is  a  mixture  of  phosphorous  and 
phosphoric  acids.  When  this  liquid  is  mised  with  nitric 
acid,  the  phosphorous  acid  is  further  oxidized  at  the  ex- 
pense of  the  nitric  acid;  so  that  the  whole  becomes  phos- 
phoric acid.  The  mixture  is  then  exposed  to  a  drying  heat, 
in  order  to  drive  oif  any  adhering  nitric  acid. 

III.  The  most  abundant  source  in  nature  of  phosphoric  ^tkpr». 
acid  is  the  hones  of  animals.  hcmeT 

IV.  Phosphoric  acid  is  a  solid  substance,  sometimes  lu  prop«r- 
transparent,  when  it  has  considerable  resemblance  to  glass.  ***** 
Usually,  however,  it  is  not  perfecdy  clear,  but  possesses  a 
degree  of  milkiness.   It  possesses  a  very  sour  taste,  but  no 
smell.   It  changes  vegetable  blues  to  a  red. colour.   It  does 

not  possess  corrosive  properties.  When  exposed  to  the  air^ 
it  absorbs  moisture,  and  deliquesces  into  a  thick,  oil-like 
liquid. 

V.  Phosphoric  acid  is  a  little  more  than  two  and  two-  Spee.  gnv. 
third  times  as  heavy  as  water.   When  exposed  to  a  red     ^ 
heat,  it  melts  into  a  transparent  liquid,  which,  upon  cooling, 
assumes  the  appearance  of  glass.    In  this  state,  it  is  known 

by  the  name  of  phosphoric  glass:  it  is  phosphoric  acid, 
nearly,  if  not  entirely,  deprived  of  water.  PhosphcHric  glass 
is  about  three  times  as  heavy  as  water. 

VI.  Phosphoric  acid  dissolves,  very  readily,  in  water.  Solabic  hi 
When  in  the  form  of  a  dry  acid,  the  solution  takes  place  ^^'^i*- 
with  a  hissing  noise,  resembling  that  produced  by  red  hot 

iron,  when  ^plunged  into  water.  In  the  form  of  glass,  it  is 
much  less  soluble.  These  solutions  are  attended  by  the 
evolution  of  some  heat.  The  deliquesced  acid  is  a  solution 
of  phosphoric  acid.  It  is  in  this  state  that  it  is  generally 
employed  by  chemists.  Its  specific  gravity  is  1*417. 

VII.  Of  the  undecompounded  combustibles,  carbon,  po-  AetioDor 
tassium,  sodium,  iron,  zinc  and  tin,  are  capable  of  decom-  g*^**"'^" 
posing  phosphoric  acid;  these  bodies  being  oxidized,  and 
phosphorus  developed.  The  liquid  acid  oxidizes  antimony, 

iron,  manganese,  zinc,  lead>  tin  and  bismuth^  but  some  of 
these  metals,  very  slowly.  The  oxidizement  of  the  latter 
metals,  takes  place  in  consequence  of  the  decomposition  of 
water;  as  is  evinced  by  the  evolution  of  hydrogen.  It  has 
no  action  upon  arsenic,  nickel,  cobalt,  copper,  silver,  mer- 
cury, gold,  or  platinum. 

VIII.  Phosphoric  acid  combines  with  most  of  the  salifi- 
able bases,  forming  ^alts  called  phosphates.  These  salts  will 
be  described  under  the  heads  of  their  respective  bases. 

2E 
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Book  I.       IX.  Phospboiic  acid  18  composed  of 
^^"^^  ^  .  Phosphorus        12— one  atom. 

Compori-  Oxygen  16— -two  atoms* 

tion.  ^  — 

Giving  28  for  the  number  represent- 
ing the  weight  of  its  atom.*  ^ 
Diaeorery       X.  Phosphoric  acid  had  been  for  a  long  time  known, 
ci  eompoai-  before  its  composition  was  ascertained.  Stahl  considered  It 
"*'  to  be  the  same  with  hydrochloric  (muriatic)  acid;  which 

acid,  in  combination  with  phlogiston,  or  the  inflammable 
principle,  he  supposed  to  form  phosphorus.  Margraff  ascer- 
tained that  it  was  different  from  all  other  acids;  but  still  it 
'    was  considered  to  be  a  constituent  in  phosphorus. 

The  composition  of  phosphoric  acid  was  supposed  to  be 
perfectly  well  understood,  when  Lavoisier  published  his  ex- 
periments on  the  acids;  whereby  he  overturned  the  prevail* 
mg  phlogistic  doctrines,  and  demonstrated  the  true  com- 
position of  this  acid. 


SECTION  VII. 

OF  PHOSPHOROUS  ACID. 

Pbotpho-        '*  Phosphorous  agib  may  be  obtained  by  the  following 
raiu  aeid;    process:  Sublime  phosphorus  through  pulverized  percbloride 
how  obtain- ^f  mercuty  (corrosive  sublimate)  contained  in  a  glass  tube; 
a  chloride  of  phosphorus  will  be  formed,  and  the  mercury 
revived.  Upon  mixing  this  chloride  with  water,  it  will  be 
converted  into  hydrochloric  (muriatic)  acid  arid  phospho- 
rous acid,  by  combining  with  the  constituents  of  this  liquid. 
Evaporate  the  mixed  acids,  until  the  whole  become  of  the 
consistence  of  syrup:  the  evaporation  will  drive  off  the  hy» 
drochloric  acid;  whereby  the  phosphorous  acid  will  be  ob* 
tained  pure. 
l^tpM  ob.       II.  The  acid,  obtained  by  the  slow  combustion  of  phos- 
tained  by    phorus,  was  formerly  called  phosphorous  acid.  But  this  acid 
combllasdon  ^^  ^'^^  ascertained  to  be  a  compound  of  phosphoric  acid, 
oTpbospho-and  the  acid,  described,  in  the  present  section,  as  the  phos- 
ed^au"**''  phorous  acid.  Dulong,  considering  it  to  be  composed  of  the 
two  acids,  just  mentioned,  united  in  a  fixed  proportion,  has 
applied  to  it  the  name  of  phosphatic  acid* 

III.  Phpsphorous  acid  was  first  obtained,  in  a  pure  state, 
by  Sir  H.  Davy. 

*  This  eonpoaition  ia  given  t»  thr  authority  of  some  late  reault^  obtained  by 
Sir  H.  Davy.  See  Annuls  of  Philoaophy^  p.  SIO.  (Mareb,  1819)i  or  Sir  fi.  Diry^ 
paper,  FhiL  Trana.  1818.  part  II. 
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IV.  Phosphorous  acid  is  a  solid  substance,  possessing  a  Oaip.  if. 
▼eiy  sour  taste.  It  reddens  vegetable  blues,  and  has  all  the  Propertwi 
characters  of  a  strong  acid.  When  heated  strongly  in  theofpimpiMit 
open  air,  it  catches  fire  and  emits  abundance  of  hydroguret  """^  ""^ 
of  phosphorus  (phosphuretted  hydrogen);  the  residue  being 
phosphoric  acid. 

y.  Phosphorous  acid  combines  with  some  of  the  salifiable 
bases,  forming  salts  called  phosphites. 

VI.  Phosphorous  acid  is  composed  of  It*  Mnp^. 

Phosphorus        12 — one  atom.  ■*****• 

Oxygen  8— one  atom. 

Giving  20  for  the  number  represent- 
ing the  weight  of  iu  atom.* 


SECTION  VIII. 

OP  HTPOPH08FHOROU8  ACID. 

I.  Htpophosphorous  acid  may  be  obtained  by  the  follow-  HyiNipiMii. 
ing  process:  Allow  phosphuret  of  barytes  to  remain  in  water,  ^^?'?'* 
as  long  as  it  gives  out  any  gas.  The  water  will  be  decom-  ^^nr7 
posed;  its  hydrogen,  by  combining  with  part  of  the  phos- 
pboruS)  gives  rise  to  the  formation  of  hydroguret  of  phos- 
nhorus,  the  gas,  which  is  extricated;  while  its  oxygen  com* 

bines  in  two  proportions  with  the  remaining  phosphorus,  so 
as  to  form  the  acid  under  description  and  phosphoric  acid. 
Both  these  acids,  as  soon  as  formed,  combine  with  the  ba- 
rytes. Now  phosphate  of  barytes  is  insoluble,  while  the  hy* 
pophosphite  dissolves  in  water:  accordingly,  upon  filtering 
the  liquid,  the  phosphate  of  barytes  will  be  removed,  and 
nothing  will  be  left,  but  a  solution  of  hypophosphite  of  ba- 
rytes. Add  cautiously  to  this  solution,  sulphuric  acid,  as 
long  as  any  precipitate  should  appear:  this  acid  will  form 
an  insoluble  compound  with  the  barytes,  and  thereby  libe- 
rate the  hypophosphorous  acid  from  combination.  Separate 
the  insoluble  sulphate  of  bar3rtes,  and  what  remains  will  be 
a  solution  of  hypophosphorous  acid. 

II.  Hypophosphorous  acid  was  discovered  in  1816  by 
Dulong. 

III.  Hypophosphorous  acid,  in  the  state  of  solution,  hasl^Pv^P^r- 
a  very  sour  taste,  and  possesses  the  property  of  reddening  ^^ 

*  This  oompotHioo  ae«ordt  with  »  late  reialt  ohtained  br  Sir  H.  Dbtj.  See  e 
notice  of  this  ehemist's  paper  (pQblisbfd  io  the  Phitosop^Mil  Tnumekioni  for 
1SI8}»  in  Thoiuoii't  Anoais,  p.  910.  (Blareh  1S19). 


2QQ  Msm. 

Book  h  vegiCaUe  blues.  It  absorbs  oxvgtn  from  the  atmosphere. 
nvisioiitL  When  exposed  to  heat«  it  is  totally  decomposed;  hydrogu-i^ 
ret  of  phosphorus  (phosphuretted  hydrogen)  being  evolved^ 
and  phosphoric  acid  remaining  behind*  It  may  be  concen- 
trated by  evaporation,  so  as  to  assume  the  form  of  a  viscid 
liquid;  but  it  cannot  be  made  to  crystallize. 
Compori-  IV.  According  to  Sir  H.  Davy,  hypophosphorous  acid 
is  composed  of 

Phosphorus        24   '  two  atoms* 
Oxygen  8— one  atom. 


Giving  32  for  the  number  represent- 
ing the  weight  of  its  atom.* 


Anenie  Arsenic  forms  two  acids  by  combining  with  oxygen;  name- 
^^  ^?  ^y  ^^^^^^^  ^^^^  ^"^  arseniotts  acid.  These  acids  will  be 
^gro!  described  in  the  following  sections. 

SECTION  IX. 


obtiiiictd. 


OF  ARSENIC  ACID. 

Anenie  I*  Arsenic  ACID  may  be  formed  by  the  following  process: 

aflid;  how  dissolve  three  parts  of  arsenious  acid  (white  oxide  of  ar« 
senic)  in  seven  parts  of  hydrochloric  (muriatic)  acid;  and  mix 
the  solution  with  five  parts  of  nitric  acid:  the  arsenious  acid 
becomes  converted  into  arsenic  acid,  at  the  expense  of  the 
oxygen  of  the  nitric  acid.  Evaporate  the  whole  to  dryness 
and  then  expose  it  to  a  red  heat:  the  nitric  and  hydrochloric 
acids  will  be  driven  ofFi^  and  the  arsenic  acid  obtained  pure. 
IL  Arsenic  acid,  when  thus  prepared,  is  a  white  sub- 
stance; possessing  scarcely  any  taste  when  dry.  It  attracts 
moisture  from  the  atmosphere.  It  is  not  volatile;  but  when 
exposed  to  a  sufficient  heat,  it  melts  into  a  transparent  liquid, 
which  has  the  appearance  of  glass,  when  cold.  If  the  heat 
be  ver}'  strong,  it  gives  out  some  oxygen,  and  is  converted 
into  arsenious  acid,  which  exhales  the  garlic  odour. 
Spec  griT.  III.  Arsenic  acid  is  about  three  and  one-third  times  as 
''^*  heavy  an  water.  It  dissolves  slowly  in  six  parts  of  cold 
water;  hut  instantlv  in  two  parts  of  boiling  water.  In  a  state 
of  solution,  its  taste  is  acrid,  caustic  and  metallic.  It  may 


Itiproper- 
tkt. 


For 


Uiit  eompoBition,  see  Annah  of  Philosophy,  p.  SIO  (March  1819,)  or 
Sir  H.  DavyS  paper  on  the  ef>lnpaamte  of  phospMrat  wkh  oames,  puMiibed  in 
ih«  Pykmatkimi Ttanisniin.  pan  U.  (ISIS.) 
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be  evaponted  to  At  contistence  of  a  tyiup.  In  thia  fom,  C«a».  h. 
it  contains  half  its  i^  eight  of  water.  " 

.   IV.  Arsenic  acid  oxidizes  arsenic,  antimony,  iron,  nickel,  lu 
cobalt,  manganese,  zinc,  lead,  tin,  copper  and  bismuth;  and  <>■> 
in  a  strong  heat,  mercury  and  silver.  It  does  not  act  upon 
gold  or  platinum. 

V.  Arsenic  acid  combines  with  many  of  the  salifiable 
bases,  and  forms  salts  called  arseniates.  These  salts  will  be 
described  hereafter. 

VI.  Arsenic  acid  is  composed  of  Compoii- 

Arsenic         46—  **~'- 

Oxygen         24— three  atoms. 

70 

VII.  Arsenic  acid  is  one  of  the  most  virulent  poisons  lift^mleiit 
known.  It  is  equally  deleterious  with  arsenious  acid.  It  is  P®'^"* 
not  used  in  medicine. 


SECTION  X. 


OF  ARSENIOUS  ACID. 


Oxide  9fArtemc  of  the  Edinbui*gfa  Colle^.    Common  iiamesi  Areenic, 

White  Jbreemc, 

I.  Arsenious  acid  may  be  formed  by  exposing  metallic  ArwsioM 
arsenic  to  heat«  in  the  open  air.  The  metal  sublimes  in  the  ^^\  ^^ 
form  of  this  acid. 

II.  Arsenious  acid  is  obtained,  for  the  purposes  of  com-  How  ob- 
merce  and  the  arts,  during  the  extraction  of  cobalt  from  its  ^^^Jii 
ores.  These  ores  contain  arsenic.   During  their  roasting,  vaj. 
arsenious  acid,  in  an  impure  state,  sublimes.  The  impure 

acid  is  afterwards  purified  by  a  subsequent  sublimation, 
mixed  with  potash. 

III.  Arsenious  acid  is  a  white,  brittle,  compact  solid,  of  iti  proper- 
a  vitreous  appearance.  Its  taste  is  sharp  and  acrid,  accompa-  *'^* 
nied  by  an  impression  of  sweetness.  It  changes  vegetable 

blues  to  red.  When  heated,  it  emits  fumes,  which  have  a 
smell,  resembling  that  of  garlic.  If  a  plate  of  copper  be  ex- 
posed to  these  fumes,  it  becomes  white. 

IV.  Arsenious  acid  is  about  three  and  three-fourths  as  Spee.  jr«t. 
heavy  as  water.  When  heated  to  the  temperature  of  283**      *'^"* 
in  the  open  air,  it  may  be  entirely  sublimed.  Hence,  a  very 
obvious  means  is  afforded  for  the  detection  of  adulterating 
substances,  such  as  carbonate  of  lime  (chalk)  or  sulphate  of 

lime  (gyp9Uin)«  When  subjected  to  heat,  in  close  vessels,  it 
melts  into  a  peUucid  glass,  which  soon  becomes  opaque  by 
exposure  to  Uie  air. 


gj^  ACIB6. 

BookL       V.  Arsenious  acid  is  solable  in  80  parts  of  cold  water; 

DiTiiionn  bm  ii  dissolves  in  15  parts  of  boiling  water.  Ip  the  state  of 

DimoIym    solution,  the  acid  has  an  acrid  taste,  and  changes  vegetable 

In  wat«r.    ^^^  jq  g^  ^^  colour.  When  slowly  evaporated,  the  acid 

£dls  in  the  form  of  crystals. 

VI.  Arsenious  acid  combines  with  some  of  the  salifiable 
bases,  forming  salts  called  arsenites*  Some  of  these  salts 
will  be  described  hereafter. 
Its  oompo-      yil.  Arsenious  acid  b  composed  of 
"**^*  Arsenic  47— one  atom. 

Oxygen  16— two  atoms. 

Giving  63  for  the  number  represent" 

ing  the  weight  of  its  atom.  The  weight  of  an  atom  of 

arsenic,  however,  as  deduced  from  this  acid,  is  somewhat 

higher  than  when  calculated  from  the  arsenic  acid.  The 

proportions,  in  which  arsenic  combines  with  other  bodies^ 

do  not  accord  well  with  the  atomic  theory. 

Anenioni-      VIIL  Arsenious  acid  is  one  of  the  most  virulent  poisons 

iJ^A^  known.   When  taken  into  the  stomach,  or  applied  to  a 

wounded  part,  it  gives  rise  to  a  train  of  the  most  terrible 

symptoms,  to  which  the  human  system  is  liable. 

Itf  ttiti.         IX.  A  number  of  experiments  have  been  made  to  ascertain 

^""*         the  best  antidote  for  the  arsenious  acid.  It  has  been  found, 

that,  of  all  the  substances  tried,  liquid  hydrosulphuric  acid 

Sulphuretted  hydrogen)  promises  to  be  the  most  effectuaL 
ydrosulphuric  acid  combines  readily  with  arsenious  acid^ 
and  forms  a  compound,  which  may  be  taken,  in  tolerably 
large  doses,  with  impunity. 
trMtmrat       When  a  case  of  poisoning  by  the  arsenious  acid  is  to  be 
^|[^2JJJ^^  treated;  the  first  step  is  to  encourage  vomiting,  by  giving 
bjarMnL  large  draughts  of  warm  water,  and  by  irritating  the  fauces 
with  a  feather.   No  emetic  substances  are  to  be  used  to 
produce  this  eflfect;  as  they  add  to  the  irritation.  After  the 
vomiting  has  ceased,  it  is  next  proper  to  wash  out  the  sto« 
mach  repeatedly  with  water,  injected  into  that  organ,  through 
a  gum  elastic  catheter,  and  returned  again  through  the  same 
instrument.  After  these  measures  have  been  carried  fully 
into  execution,  liquid  hydrosulphuric  acid  is  to  be  adminis- 
tered in  as  large  quantities  as  can  be  taken.* 
tfMiofftr-      X.  Arsenic  is  sometimes  exhibited  in  the  form  of  a 
*^^^       solution  of  arsenious  acid.    Four  grains  of  the  acid  are 
dicing  "'*'  dissolved  in  a  pint  of  water.  The  dose  is  a  tablespoonful, 
gradually  increasing.  In  this  form,  it  has  been  exhibited  in 


*  For  a  fan  Meoant  of  the  nrteiiiMl  poStont,  lee  Nmorede't  AbiWgnant  pT 
•rfila  oa  Poiioiits  the  work  from  whieb  tbe  aliofe  ftstt  lunw  bees  tdDBS. 
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cancer.  It  hM  dso  been  uaedy  both  in  powder  and  in  eolu-  Csiv.  n. 
tion^  as  an  external  application  to  cancerous  sores.   The  **"——" 
arscnious  acid,  in  substance,  is  given  in  the  form  of  pills, 
in  doses  of  about  one-eighth  of  a  grain. 


Chromium  forms  but  one  acid  with  oxygen;  namely,  chro-  chronuoni 
mic  acid.  This  acid  will  be  described  in  the  ^oPc^^ii^S  ^u^Sif 
section.  oiygcti. 

SECTION  XL 

OF  CHROMIC  ACID. 

I.  Chromic  acid  may  be  obtained  by  the  following  <^^^|>^ 
process:  Roast  a  mixture  of  one  part  of  nitrate  of  potash  S^^^d; 
^nitre)  and  two  parts  of  the  mineral  called  chromate  of 

iron,  in  a  hessian  crucible.  Treat  the  mass  with  water, 
until  every  thing  soluble  be  taken  up.  By  diis  management, 
part  of  the  mineral  becomes  decomposed;  the  chromic  acid 
of  the  decomposed  portion  combines  with  the  potash  of  the 
nitrate  of  potash;  and,  in  this  state  of  combination  being 
soluble,  when  the  mass  is  treated  with  water,  it  is  dissolved 
off,  while  the  undissolved  residue  consists  of  oxide  of  iron 
and  undecomposed  chromaie.  Dissolve  off  die  oxide  of 
iron  by  means  of  hydrochloric  acid,  and  repeat  the  treat- 
ment  ^ready  detailed,  upon  what  remains.  By  these  mea^ 
sures  the  mmeral  will  at  last  be  totally  decomposed.  When 
this  is  effected,  mix  all  the  solutions  of  chromate  of  potash 
together;  and  saturate  the  liquid  formed,  with  acetic  acid, 
and  then  evaporate  it,  until  it  let  faU  crystals  of  chromate 
of  potash.  Dissolve  these  crystals  in  water,  and  add  to  the 
solution  formed,  chloride  of  barium  (muriate  of  barytes): 
the  chromic  acid  immediately  falls  in  combination  widi  ba- 
rytes. Wash  the  chromate  of  barytes,  thus  obtained;  and, 
having  dissolved  it  in  nitric  acid,  add  sulphuric  acid 
cautiously  to  the  solution:  the  sulphuric  acid  falls  in  com- 
bination with  the  barytes,  while  the  chromic  acid  remidns 
in  solution  along  with  the  nitric  acid.  Remove  the  insoluble 
aulphate  of  barytes  by  the  filter,  and  evaporate  the  remain- 
ing liquid  to  dryness,  at  a  low  red  heat:  this  exposure  to 
heat  will  drive  off  the  ^ater  part  of  the  nitric  acid.  By 
solutions  and  evaporations,  repeated  several  times,  the 
whole  of  the  nitric  acid  may  be  removed.  What  remains 
will  then  be  pure  chromic  acid. 

II.  Chromic  acid  was  discovered,  in  1797,  by  Vauquelin,  DitMrriy. 
hi  chromate  of  lead  (red  lead  ore  of  Siberia). 
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Book  t.  Ill*  Chromic  add  is  a  solid  sabstance,  of  a  deep  red 
DiviMOD  n.  colour.  Its  taste  is  acrid,  sharp,  and  strongly  metallic.  It 
Ito^propcr-  slowly  absorbs  moisture,  when  exposed  to  the  air.  When 
subjected  to  heat,  it  gives  out  oxygen  gas,  and  is  converted 
into  protoxide  (green  oxide)  of  ctm>mium.  It  is  soluble  in 
water,  and  may  be  obtained,  from  the  solution,  in  crystals 
of  a  ruby -red  colour.  • 

IV.  Chromic  acid  combines  with  several  of  the  salifiable 
bases,  and  forms  salts  called  chromates. 

V.  Chromic  acid  is  composed  of 
Chromium  28— one  atom. 
Oxygen  94    three  atoms* 

Giving  5%  for  the  number  represent* 
ing  the  weight  of  its  atom. 


vonpiMt' 
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Moijbde-  Molybdenum  forms  two  acids  by  combining  with  oxygen; 
tvo'Jdds^  namely,  molybdic  acid  and  molybdous  acid.  These  apida 
oij-       will  be  noticed  in  the  two  following  sections* 


SECTION  XII. 


Molybdie 
•eids  how 
•bUdoed. 


Itiprop«r« 
ties. 


OP  MOLYBOiC  ACOO. 

I.  Molybdic  acid  may  be  obtained  by  the  following 
process:  Distil  nitric  acid  off  the  mineral  called  molybd^  na 
(sulphuret  of  molybdenum)  reduced  to  the  state  of  powder; 
the  nitric  acid,  by  yielding  up  its  oxygen,  will  acidify  the 
molybdenum,  and,  in  part,  the  sulphur;  so  that  after  the 
distillation  is  completed,  the  mass  obtained  will  consist  of 
molybdic  acid,  mixed  with  sulphuric  acid  and  some  ad- 
hering nitric  acid.  By  washing  the  mass  carefully  with 
water,  the  sulphuric  and  nitric  acids  will  be  removed;  so 
that  nothing  wiQ  remain  but  pure  molybdic  acid. 

II.  Molybdic  acid  was  discovered,  in  1778,  by  Scheele* 

III.  Molybdic  acid  is  in  the  form  of  a  white  powder. 
When  subjected  to  heat,  in  close  vessels,  it  melts,  and  as- 
sumes the  form  of  crystals  upon  cooling;  but  i&  open  ves- 
sels, it  sublimes  in  the  form  of  brilliant  yellow  scales. 

IV.  Molybdic  acid  is  soluble  in  960  parts  of  boiling 
water.  The  solution  has  a  yellow  colour,  but  no  taste.  It  is 
capable  of  reddening  vegetable  blues.  The  acid  is  precipi* 
tated,  from  the  solution,  by  sulphuric,  nitric,  or  hydrochloric 
acid. 
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V.  Molybdic  acid  combines  with  some  of  the  salifiable  Cba».  il 

bases,  formiog  salts  called  moljrbdates.  «  -^— 

VL  Molybdic  acid  is  composed  of    ^  Compori- 

Molybdenum        48-^one  atom*  ^^ 

Oxygen  2^— three  atoms* 

Giving  72  for  the  number  represent- 
ing the  weight  of  its  atom. 


SECTION  XIII. 

OF  M OLTBDOUS  ACID. 

I*  MoLTBDOUs  ACID  may  be  obtained  by  the  following  Moiybdodi 
process:  Triturate,  in  a  porcelain  mortar,  a  mixture  of  one^^^l^ 
part  of  molybdenum,  with  two  parts  of  molybdic  acid, 
made  into  a  pap  with  a  litde  hot  water,  until  the  whole 
assume  a  blue  colour.  Then  add  eight  or  ten  parts  of 
water,  and  boil  for  a  few  minutes.  Filter  the  liquid  ob« 
tained,  and  evaporate  it  to  dr)mes8,  at  a  heat  not  exceeding 
120^.  The  dry  mass  will  be  molybdous  acid* 

II.  Molybdous  acid  is  in  the  form  of  a  blue  powder,  Iti  proper- 
soluble  in  water.   It  has  the  property  of  converting  vegeta-  ^*^ 
ble  blues  to  red.  It  combines  with  salifiable  bases,  forming 
salts  called  molybdites. 

Ill*  Molybdous  acid  is  composed  of  Compiai- 

Molybdenum        48-— one  atom.  ^^* 

Oxygen  16— two  atoms* 

Giving  64  for  the  number  represent- 
ing the  weight  of  its  atom. 


Tungsten  forms  but  one  acid  by  combining  with  oxygen;  Tangrten 
namely,  tungstic  acid*  This  acid  will  be  described  in  the  l^^d^tuh* 
following  section.  <aygai. 

SECTION  XIV. 

'  •         •     •  r 

OP  TUNGSTIC  ACID. 

I.  Tungstic  acid  may  be  obtained  by  the  following  Tungrtio 
process:  Boil  three  parts  of  hydrochloric  (muriatic)  ^cid'^Jj^J 
upon  one  part  of  the  mineral,  called  wolfram  (tungstate  of 
iron)  for  several  hours;  and  allow  it  to  stand  until  it  de- 
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jAMt  I.  positje  a  powder.  Separate  the  powder  by  the  filter,  and 
DhMfltt  if«  ai««o1v^  It  in  ammonHu  £vaporate  the  ammoniacal  solutioii 
to  dr3nies8,  and  expose  the  dry  mass  to  a  red  heat.  Th^ 
dry  mass  is  now  pure  tungstic  acid.  It  was  discovered,  in 
1781,  by  Scheele. 
Its  proper-  H.  Tungstic  acid  is  an  insoluble  yellow  powder,  incapa- 
ble of  acting  on  vegetable  blues.  It,  however,  possesses  the 
essential  property  of  an  acid,  of  forming  salts  with  the  sa- 
lifiable bases. 

III.  Tungstic  acid  is  composed  of 

Tungsten        96— one  atom. 
Oxygen  34'  ■  "three  atoms. 

Giving  120  for  the  number  representing 
the  weight  of  its  atom. 


tion 


Coiombi-  Columbium  forms  but  one  acid  by  combining  with  oxygen; 
one  add*  namely,  columbic  acid.  This  acid  will  be  noticed  in  the 
wttkaxj'        following  section. 

SECTION  XV. 

OF  COLUMBIC  ACID. 


Colambie 
tdd;  bow 
obtauied. 


I.  CoLUHBic  ACID  may  be  formed  by  detonating  a 
mixture  of  pulverized  columbium  and  nitrate  of  potash 
(nitre),  in  a  red-hot  crucible.  The  nitric  acid  of  the  nitrate 
acidifies  the  columbium,  and  then  is  dissipated;  so  that  the 
resulting  mass  is  a  mixture  of  columbic  acid  and  potash. 
Dissolve  the  mass  in  water,  and  add,  to  the  solution,  hy- 
drochloric (muriatic)  acid:  this  acid  combines  with  the 
potash  and  remains  in  solution,  while  the  columbic  acid 
falls  in  the  state  of  hydrate.  ^ 

II.  Columbic  acid  was  discovered,  and  its  acid  nature 
ascertained,  by  Hatchett,  in  1801. 

Iti  proper.  III.  Columbic  acid  is  in  the  form  of  a  white  powder, 
insoluble  in  water,  nitric  or  sulphuric  acid.  It  combines 
with  some  of  the  salifiable  bases,  and  forms  salts  called 
columbates. 

IV.  Columbic  acid  is  composed  of 

Columbitun        146— -one  atom. 
Oxygen  8— one  atom. 

Giving  154  for  the  niuaber  repre- 
senting the  wei^t  of  its  atom. 
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AMTIMONlOra  ACID.  ^/g 


Antimony  forms  two  acids  by  combining  with  oxygen;  AiitkM^ 
namely,  antimonic  acid,  and  antimonious  acid.  *hcsc|[^*^ 
acids  will  be  described  in  the  two  following  sections.        oxygen. 


SECTION  XVL 

OF  AKTIMONIC  ACID. 

L  AirriuoNic  acid  may  be  obtained  by  the  following  AndmonM 
process:  Expose  a  mixture  of  one  part  of  antimony  inJJ|^*J2ir 
powder,  and  six  parts  of  nitrate  of  potash  (nitre)  for  an 
hour,  in  a  silver  crucible,  to  as  strong  a  heat  as  the  vessel 
will  bear:  the  mass  formed  will  be  found  to  be  a  mixture 
of  antimonic  acid,  potash,  and  undecomposed  nitrate  of 
potash.  Wash  off  the  two  latter  with  water;  and  digest  the 
insoluble  residue  in  hydrochloric  (muriatic)  acid,  in  order 
to  be  certain  that  all  the  potash  is  removed.  After  this 
treatment,  dry  it^  and  expose  it  to  a  sufficient  heat  to  drive 
off  all  the  water,  which  it  may  contain.  What  remains  is 
pure  antimonic  acid. 

II.  Antimonic  acid  is  a  straw-coloured  powder.  It  is  in-  Its  piopcr- 
soluble  in  water,  and  does  not  redden  vegetable  blues,  unless  ^^ 

it  be  in  the  state  of  hydrate.  When  heated  to  redness,  part 
of  its  oxygen  is  disengaged,  and  it  is  converted  into 
antimonious  acid.  Its  combinations  with  salifiable  bases  are 
called  antimoniates.  As  yet  no  analysis  of  this  acid  has  been 
made  that  can  be  depended  upon. 

III.  The  medicinal  preparation,  formerly  called  diapho-Katnreof 
retic  antimony,  the  calcined  antimony  of  the  London  col-  ^fj^^* 
lege,  consists  of  antjmontc  acid,  combined  with  one-fifth  of 

its  weight  of  potash.  It  is  formed  pretty  much  in  the 
manner  just  given  for  the  acid  itself;  with  diese  slight  dif-         ^ 
ferences  that  the  sulphuret  of  antimony,  instead  of  the  pure 
metal,  is  employed,  and  the  produa  is  not  washed  with 
hydrochloric  acid,  to  separate  adhering  potash. 


SECTION  XVII. 


OF  ANTIMONIOirai  acid. 
(Formtrif  «tlled  Arf^tUim  Fhmn  ifJiminMig*) 

I.  Antimohiovs  AciiS  may  be  obtained  by  dissolving  Antimoni- 
antimony  in  nitric  acid,  evaporating  the  solution  to  dryness,  ^^^^^. 
and  exposing  the  dry  mass  to  a  red  heat.  It  may  be  formed  ed. 


228  ^C'"^- 

B<K>K  t.    also  by  subjecting  protoxide  of  antimoiiy  to  a  red  heat,  or 
Divirionll.  m^^^m^.  antiinony  to  a  violent  heat.  In  either  case,  combus- 
tion takes  place,  and  antimonious  acid  sublimes  in  the 
form  of  crystals.  When  procured  by  sublimation,  the  acid 
was  formerly  called  argentine  flowers  of  antimony, 
lu  proper-      II.  Antimonious   acid   is  a  powder,  possessing  a  fine 
^'^'  white  colour  and  considerable  lustre.    It  is  insoluble  in 

water,  and  dissolves  with  difficulty  in  acids.   It  requires  a 

1>retty  high  temperature  to  produce  its  fusion;  but  it  is  vo- 
atilized  at  a  point  comparatively  low.  Its  combinations 
with  salifiable  bases  are  called  antimonites.  It  has  not  been 
analyzed  with  precision. 


GI<A8S  III. 


ACIDS,  WHOSE  BASES  FORM  ACID  COMPOUJTDS  BY 
COMBIJ^U^  WITH HTDROGEJf  OJTLT, 

TvoMidf  Two  acids  only  are  known,  belonging  to  this  class: 
ooij  bacHD||  namely,  hydrofluoric  acid,  and  hydrocyanic  acid.  The 
tioheiliini  f^j^^r  fi^g  an  undecompounded  base  (fluorine),  the  latter 
MiiU  a  compound  base  (cyanogen).  These  acids  will  be  describ- 
ed in  the  two. following  sections. 

SECTION  I. 

OF  HYDROFLUORIC  ACID. 
UwuA  ehemieal  name,  Fhmric  Add, 

Ujdraiii*-  L  Hydrofluoric  acid  may  be  obtained  by  the  follow- 
gjJ^jL.  ^  ing  process:  Distil,  with  a  gentle  heat,  from  a  leaden  retort 
dL  into  a  leaden  receiver,  any  quantity  of  pure  white  fluor 

spar,  which  is  a  hydrofluate  (fluat^)  of  lime,  with  twice  its 
weight  of  concentrated  sulphuric  acid.  The  receiver  must 
be  surrounded  with  a  mixture  of  snow  and  salt,  and  the 
joinings  of  the  apparatus,  luted  with  clay.  The  product  of 
the  distillation  will  be  hydrofluoric  acid. 
PiMeitex-  II*  The  mineral  called  fluor  spar  is  a  compound  of  hy- 
P^A^n*^  drofluoric  acid  and  lime.  When  it  is  mixed  with  sulphuric 
acid,  it  becomes  decomposed;  this  acid  combines  with  the 
lime,  and  the  hydrofluoric  acid  is  disengaged  in  the  form 
of  vapour,  which  afterwards  condenses  in  the  refrigerated 
receiver*  Glass  vessels  could  not  be  employed  in  the  appa- 
ratus; since  they. would  be  coiroded  by  the  hydrofluoric 
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acid*  The  tame  ob)ection  does  not  apply  to  leaden  veBaek;  Cbap.  il 
these  not  being  acted  upon  by  the  acid.  ' 

III.  Hydrofluoric  acid  was  first  obtained  pure,  in  1808)ThiiMid 
by  Gay-Lussac  and  Thenardj  by  whom  the  process,  above  ^^J^|^ 
described,  was  invented.  The  acid,  previously  considered  to  Gaj-Los- 
be  the  acid  of  fluor  spar,  was  ascenained  by  them  to  con-  !S?  *^. 
tain  silica  as  an  essential  ingredient. 

IV.  Hydrofluoric  acid,  at  the  temperature  of  32^,  is  a  iti  pioper- 
colourless  liquid.   At  the  temperature  of  60*,  it  still  con-  ^^ 
tinues  a  liquid.   Its  smell  is  similar  to  that  of  hydrochloric 

acid,  but  much  stronger.  When  exposed  to  the  open  air,  it 
fumes  violently,  and  is  entirely  dissipated.  It  can  only  be 
preserved  in  metallic  vessels;  glass  vessels  are  instantly 
corroded  by  it.  It  acts  with  great  energy  upon  animal  sub- 
stances of  all  kinds.  When  dropped  upon  the  skin,  it  acts  as 
a  powerful  escharotic.  The  fumes  of  the  acid,  when  inhaled, 
prove  exceedingly  deleterious.  It  combines  with  a  number 
of  salifiable  bases.  The  salts,  which  are  thus  formed,  will 
be  called  hydrofluates. 

V.  Hydrofluoric  acid,  when  perfectly  freed  from  water.  Spec  j;rtT. 
is  very  little  heavier  than  this  liquid;  but,  when  diluted  to      ^'^* 

a  certain  extent,  it  suffers  a  condensation,  and  becomes 
one-fourth  heavier  than  water.  Its  freezing  point  is  not 
known.  When  exposed  to  a  cold  of  —  4^,  it  does  not  con- 
geal. Its  boiling  point  is  not  exactly  ascertained;  it  is,  how- 
ever, known  to  be  very  low. 

VI.  Thenard  has  lately  succeeded  in  combining  this  .acid  Ittnfej  be 
with  oxygen.  The  method  of  effecting  it,  is  to  add  oxyhy-  "»**«^ 
drochloric  acid  to  hydrofluate  (fluate)  of  silver.  The  pro- 
ducts are  chloride  of  silver,  water,  and  oxyhydrofluoric 

acid. 

VII.  When  hydrofluoric  acid  is  dropped  into  water,  the  Aetionof 
action  is  so  violent,  as  to  produce  a  noise,  similar  to  that  ^*^^ 
occasioned  by  plunging  red-hot  iron  into  the  same  liquid. 

On  the  other  hand,  when  water  is  dropped  into  the  acid, 
the  former  enters  immediately  into  ebullition.  The  acid, 
even  though  very  largely  diluted,  still  retains  its  fuming 
property. 

VIII.  When  hydrofluoric  acid  is  brought  in  contact  with  and  of 
potassium,  a  violent  action  takes  place;  a  white  solid  igP^^^**""!^ 
formed,  and  a  quantity  of  hydrogen  gas,  evolved.  This  re- 
sult is  explained  by  supposing  that  the  peculiar  radical  of 
hydrofluoric  acid,  which  it  is  proposed  to  call  fluorine,  is 
combined  with  hydrogen  in  the  formation  of  the  acid  itself; 

this  radical  is  considered  to  combine  with  the  potassium, 
while  the  hydrogto  is  evolved. 

IX.  When  silica,  which  has  been  prepijpitated  from  an  This  tM 
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Book  I.    alkaline  aolutipn^  ie  dried,  and  miisedt  in  a  state  of  pDwdeiv 

DiwMooiL  ^i(i^  pQfe  hydrofluoric  acid^  a  gaseous  substance  is  instandy 

mmbioei    formed,  which  possesses  the  properties  of  an  acid.  This 

with  liiiM.  gaseous  acid  is-  generally  considered  to  be  a  compound  of 

silica  and  hydrofluoric  acid.   It  will  be  described  hereafter* 

ii*  inS^       ^*  ^^  ^^  already  been  mentioned,  that  chemists  have 

Mon!"^'^  obtained  the  strongest  evidences,  that  hydrofluoric  acid  is  a 

compound  of  a  peculiar  radical  and  hydrogen.*  This  radical 

(fluorine)  has  not,  indeed,  been  obtained  in  a  separate  state; 

but  forming  peculiar  compounds  with  bodies  already  known* 

Hence,  it  must  be  different  from  every  other  form  of  maltert 

with  which  chemists  are  acquainted. 
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SECTION  11. 

OP  HTDBOCYANIC  ACID. 

Uiual  chemieal  nsme,  Pruuic  AcitL 

Scheei^t  I.  Screelb's  process  for  obtaining  hydrocyanic  acid  ia 
obuSnTnr''^  the  following:  Boil  a  mixture  of  ten  parts  of  Prussian  blue 
hrdroera.  in  powder,  five  parts  of  peroxide  of  mercury,  and  thirty 
M  Aoid.  pm^  Qf  water,  in  a  glass  vessel,  for  some  minutes.  Filter 
the  liquid  obtained;  and  throw  upon  the  matter,  remaining 
on  the  filter,  ten  parts  of  hot  water,  to  wash  it  completely* 
Pour  the  filtered  liquid  upon  two  and  a  half  parts  of  clean 
iron  filings,  add  at  the  same  time  one  part  of  concentrated 
sulphuric  acid,  and  mix  the  whole  by  agitation.  Distil  the 
mixture,  as  it  now  stands,  at  a  gende  heat,  until  one-fourth 
of  it  has  passed  over  into  the  receiver.  The  distilled  pro* 
duct  will  be  hydrocyanic  acid.  It  is,  however,  rendered 
impure,  generally,  by  admixture  of  a  small  portion  of  sul* 
phuric  acid.  By  a  re-distillation,  oiF  a  portion  of  carbonate 
of  lime,  the  sulphuric  acid  present  will  be  retained,  and  the 
acid  procured  in  a  state  of  purity. 


*  This  it  the  proper  pUee  to  inform  the  reader,  wl^  the  name  of  the  Mkl  of 
floor  KMr  has  been  altered  from,/fo«ortc  to  kydrojmoric.  The  probable  eompoii- 
tion  ortbe  aeid  tunetted  the  propriety  of  the  pneflx  h^dro.  But  this  aireamitaneft 
alooe  woald  not  have  been  deemed  tuffieient  to  justify  the  altemtioft.   What 

grinoipatly  inflaenced  me,  were  the  saggestiont  of  analogy.  Both  ehlorine  and 
idine  form  aeids  bv  oombining  with  oxygen  or  hydrogen  mdifferentlys  now  b  it 
wm  probable  tliat  the  mdieal  4X  the  floor  spar  aeid  may  form  an  aeid  by  eanhin^ 
ing  with  oxygen?  If  tooh  an  aeid  compound  should  be  disoovered,  it  eoold  not  be 
cuied  fluono  aeid,  unleM  the  name  of  the  acid,  oommonly  so  ealled,  were 
changed  to  hrdroflaorie.  So  that  it  appears,  that  If  the  disoorerr,  antieipated» 
shoukl  really  be  made,  then  the  alteration,  here  proposed,  woold  beeome  abn** 
lately  necessary.  On  the  other  hand,  ^should  it  not  be  made,  the  new  nana  will 
flIiU  benacfol^by  cagBBStiDg  the  prabaUeeonpoiiticAof  the  aeid. 
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II.  The  escplanation  of  Scheelc's  process,  if  grren  in  con*  CaA>.  n. 
Jbrmity  with  the  light  of  recent  discoveries,  may  be  thus  s«bceie's 
stated.  Prussian  blue  is  "a  compound  of  peroxide  of  iron,  proeeu  ex- 
and  a  peculiar  acid,  composed  of  the  elements  of  hydrocya-  P**"'^* 
nic  acid  united  to-iron,  called  ferrocyanic  acid.  When  this 
substance,  in  powder,  is  boiled  with  peroxide  of  mercury 

and  water,  it  becomes  decomposed;  and  its  acid  combines 
with  the  peroxide,  in  such  a  manner,  as  to  form  cyanodide 
(commonly  called  prussiate)  of  mercury  and  peroxide  of 
iron*  The  cyanodide  of  mercury  being  soluble,  when  the 
whole  is  placed  upon  a  filter,  it  passes  through;  while  the 
peroxide  of  iron,  derived  from  the  decomposition  of  the 
Prussian  blue,  as  well  as  that  formed  in  the  manner  just 
mentioned,  is  reuioed.  When  the  solution  of  the  cyanodide, 
in  the  next  step  of  the  process,  is  poured,  upon  clean  iron 
filings,  and  sulphuric  acid  added,  the  whole  being  shaken 
together;  water  becon^es  immediately  decomposed,  its 
hydrogen  combines  with  the  cyanogen  of  the  cyanodide, 
forming  hydrocyanic  acid,  the  mercury  being  revived; 
while  its  oxygen  oxidizes  the  iron.  The  oxide  of  iron,  thus 
farmed,  is  then  dissolved  by  the  sulphuric  acid;  so  that  the 
resulting  substances  are  mercury,  and  a  liquid  containing 
l^drocyanic  acid  and  sulphate  of  iron  in  solution.  Now 
hydrocyanic  acid  is  volatile,  which  is  not  the  case  with 
sulphate  of  iron.  Accordingly,  when  die  liquid,  containing 
diem,  is  distilled;  the  acid  is  driven  over  into  the  receiver; 
while  the  sulphate  is  left  behind. 

III.  Gay-Lussac's  method  for  obtaining  hydrocyanic  Gtj^-Un- 
acid  is  the  following:  Put  a  mixture  of  cysoiodide  (prus-  ^*  ^^^ 
siate)  of  mercury*  and  hydrochloric  (muriatic)  acid  in  a 
tubulated  retort.  Lute  to  its  beak,  a  glass  tube,  idx>ut  two 

feet  long,  and  ^^ths  of  an  inch  in  diameter.  Fill  the  first 
third  of  this  tube  with  pieces  of  marble,  and  the  remainder 
with  dry  chloride  of  calcium  (muriate  of  lime).  To  the  end 
of  the  tube,  adapt  a  small  receiver,  and  surround  it  with 
ke.  Apply  a  moderate  heat  to  the  retort.  A  gas  is  extricat«> 
td,  which  condenses  on  the  marble,  but  may  easily  be 
driven  forward,  by  a  gentle  heat,  into  the  receiver,  where  it 
ultimately  condenses  into  a  liquid.  This  liquid  is  hydrocya- 
nic acid. 

IV.  In  the  process  just  given,  a  mutual  decomposition  Ga?-Liii» 
of  die  hydrochloric  acid  and  the  cyanodide  of  nuercury  ■>«  >  V^ 
takes  place;  the  chlorine  of  the  acid  combines  with  the  ^^  ^' 


*  Cjanodide  of  mercnry  mtcj  be  formed  by  faoiliiw  a  niBtire  of  peroxide  oC 
nerowy  and  prvtaan  Uae  in  vtter»  and  evip9ntbg  wiaid  until  it  form  erjitala* 
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Book  l  mercury  of  the  cjranodide,  so  as  to  form  perchloride  of 
Piviiion  II.  mercury;  while  the  hydrogen  of  the  former  combines  with  the 
cyanogen  of  the  latter,  and  flies  off  in  the  form  of  hydro- 
cyanic acid  vapour.  When  the  acid  vapour  arrives  at  the 
receiver,  it  condenses  into  a  liquid,  by  the  cold  produced 
by  the  ice.  The  marble  in  the  tube  is  intended  to  rptain 
any  hydrochloric  acid,  which  may  be  driven  ov^r  along 
with  the  hydrocyanic  acid.  The  dry  chloride  of  calcium  is 
for  the  purpose  of  absorbing  any  water  which  may  exist  in 
the  acid  vapour. 

V.  Vauquelin  has  recently  published  a  very  interesting 
memoir  on  cyanogen  and  hydrocyanic  acid.  This  chemist 
repeated  the  process  of  Gay*Lussac,  just  given,  for  obtain- 
ing the  acid,  but  procured  but  small  quantities  at  a  time» 
The  residuum  of  his  process  was  sometimes  perchloride  of 
mercury  (corrosive  sublimate),  the  same  as  in  Gay-Lus- 
sac's  process;  at  other  times,  it  was  a  compound  of  perchlo- 
ride of  mercury  and  hydrochlorate  of  ammonia,  forming 
the  substance,  called  by  the  earlier  chemists  sal  alembroth« 
Vauquelin  thinks  the  sal  alembroth  was  formed,  in  conse- 
quence of  the  decomposition  of  the  cyanogen  of  the  cyanor 
dide,  which  resulted  in  the  formation  of  ammonia;  he  having 
left  the  cyanodide  and  hydrochloric  acid,  in  a  state  of  mix- 
ture, over  night. 
Viuqiie-  VI.  Vauquelin  prefers  the  following  process  for  obtain- 
Boj^pni-    }Qg  hydrocyanic  acid:   Pass  hydrosulphuric  acid  gas  (sul- 

Ehuretted  hydrogen),  disengaged  from  sulphuret  of  iroa 
y  the  Action  of  diluted  sulphuric  acid,  over  cyanodide 
(prussiate)  of  mercury,  contained  in  a  tube,  gendy  heated^ 
and  communicating  with  a  receiver  refrigerated  by  a  mix- 
ture of  ice  and  salt.  As  soon  as  the  hydrosulphuric  acid 
gas  comes  in  contact  with  the  cyanodide  of  mercury,  a 
double  decomposition  takes  place;  the  sulphur  of  the  acid 
combines  with  the  mercury  of  the  cyanodide,  forming  sul- 

E buret  of  mercury,  which  remains  in  the  tube;  while  the 
ydrogen  of  die  former,  and  the  cyanogen  of  the  latter^ 
united  in  the  form  of  hydrocyanic  acid  vapour,  which  passes 
on  and  condenses  in  the  refrigerated  receiver.  A  tube,  com- 
municating with  the  receiver,  will  be  found  useful;  for  if  the 
hydrosulphuric  acid  be  disengaged  in  too  great  abundance^ 
its  odour  will  be  perceived  at  its  orifice,  which  occurrence  is 
the  signal  for  stopping  any  further  extrication  of  the  acid  gas. 
Any  contamination,  however,  of  the  hydrocyanic  acid' by  hy- 
drosulphuric acid,  may  be  completely  prevented  by  placing 
a  small  portion  of  carbonate  of  lead  in  the  extremity  of  the 
tube,  through  which  the  former  is  to  pass,  by  «*  htch  the 
latter  will  be  arrested.   By  the  process,  just  detailed,  Vau* 


queliii  btKiiitied  *  timiid,.hatrifi((  dll  th«  ^ro^Mi«;A  ttf  Aty  CnLt.n. 
faydft)cyanic  acid.  Thii  ftiethcKl  fof  f>r6curin^  the  acid  U 
eksy  ib  peffdrtti,  imd  yields  a  Ikiuoh  largti*  product,  thaA  the 
ette  by  the  actioli  of  hvdtDchlbfit  add. 

VII.  Vau^uelin  tM^  the  atterttioi^  at  afimhecaries,  whd 
#ish   to  ptepa^e  hydt6cyatiic  acid  to  be  eVn  ployed  a^  A 
iffedlcitl^,  to  the  follbwiflg  lilethod,  idvetited^  by  Proufit.  Proutes 
Pass  a  cutrent  of  hydrosulphdric  acid  gas  thtough  a  cold  P"**^ 
saturated  solution  of  cyanodide  (prussiate)  6f  mereufy, 
until  the  aeid  should  be  in  eitcess.   Put  the  liqdld  obtaibed 

ill  a  fla^k,  ch>std  from  the  air,  agitate  it  (tttxn  tittie  to  time* 
and  then  filter  it.   If,  after  filtration,  the  liquid  should  stiu 
^otitmue  t6  contain  tface^  ttt  bjdrosulphurte  add,  the  pre- 
aetite  of  Whith  may  be  ascertained  l:^  the  stnell;  it  must 
be  mited  i^ith  carbbtistte  Of  lead,  ai)d  fliteted  bgaifi.  The 
filtered  i'rqnld  tl^ill  be  a  tolutioh  of  hydrdeyatiie  aeid.  Th6f 
ntantiet,  iif  which  it  beeomes  fdtWed,  Is  ftufficlently  ob- 
tkniii.    A  ttftitual  deeompo^itidtt  tstkei  plac^f  bet^eeti  th^ 
ty^trodide  of  mereary  and  the  hvdfo^dtnhaHc  add;  which 
hisults  m  the  fyrttikAdn  of  a  sulphufet  of  mereufy,  aiid  the 
jitid  vttsdtt  ectn^idefatidn.   Bv  fiitei'ing,  the  tfulphufet  li  fe- 
flao^ed,  and  the  acid  obtained  it  a  state  of  ddlutidd.  By  pur-  thttMr- 
fcnhfg  this  methbd  fbf  the  preparation  of  the  Acid,  it  i^iil  be  J^J  foS 
obtained,  mtich  more  Coi^cefitrated,  thaii  is  p^opet*  f6r  em-  preparing 
ployment  as  a  retoedy;  and  it  Will  haVe  this  advantage  M"*;'*;' 
o^er  the  aty  acid,  that  It  keeps,  without  alteratioh,  fof  a  be  employ* 
iMgtr  time,  if  ptccamions  be  takefi  fof  pfevetitihg  the  iti-  «<>•»»  «"e- 
fluence  of  heat,  or  of  the  atittosphefe.*  ™'^^' 

VIII.  Hydr€yCyaniC  acid  Was  discovefed  Ih  cotiftequence  Hydroeji- 
rf  the  sttccessive  fese&rCheft,  made  by  dhemist^,  intd  thej!«*"^» 
ttAttife  of  Prussian  blue.  This  pigmettt  was  acddentallr  Jiul^^th^ 
diacovei^d,  in  lj^60,  by  Diesbach,  A  prepafef  6f  Colddrs,  at  «;«jy»»J^ 
Befliit*  This  artist  was  desifdus  of  predpitatiftg  a  p^rticu-  ■*""*"" 
lar  colour;  and,  for  that  pdfpdse,  bdrrdWed  some  potash 
frcrm  t)eppel,  the  chemist,  who  is  kndtvd  as  the  discoverer 
6f  an  animal  oil,  fdrmerty  much  ti^ed  In  medicifoe.  The 
[k)ta8h,   instead  of,  pfddudng  the   ColdUf  desired,  thfeW 
down  at  beamifdl   blue   powder.   Updii   investigating  the 
tAtmt  6f  the  imexpected  ptodutftioti  of  this  blue  powder,  it 
Wt»  aioeitaitled  that  the  pofash  employed  had  been  calciif- 
Cfd  with  blood,  in  some  of  Denpel^s  prdCedtfe^.  Gitided  by 
this  thfdrmatidti,  Die^baCh  SltterW^fds  succeeded  iii  coii- 

frivin^  t  pfocesi,  by  which  he  could  pfoduCe  the  blue  pow- 
der at  pleiisure.  Thid  blue  pdWder  U  Prussian  blue. 


Pi-asrim 
blue. 


^  Vfti]^'^iH*f  ^f)^'  on  mraopgeo  and  hytfroenuue  acid  niay  be  found  in  tke 
Annalet  de  Chiaiie,  Vol.  fX.  (Get.  islftj.    Alt  the  racis  giVeo  in  ttie  ihtte  lait 


paragraphs  aro  taken  from  hit  paper. 
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Book  l       Prussian  blue  may  be  prepio'ed  by  ignitiiig,  at  a  siodenite 
DwiiioiiIL  heat,  three  parts  of  dried  blood,  and  two  parts  of  carbonate 
Praflswn     of  potash  (common  potash)*  The  mass  is  then  dissolved  in 
dM^nedT   water,  and  the  solution  formed,  precipitated  by  a  solution 
of  one  part  of  sulphate  of  iron  (green  vitriol)  and  two  parts 
of  sulphate  of  alumina-and-potash  (alum).  The  precipitate 
which  is  obtained  is  green;  but,  after  being  washed  with 
diluted  hydrochloric  (muriatic)  acid,  it  becomes  of  a  beau- 
tiful blue  colour, 
lu  obemi-       As  Prussian  blue  constituted  a  very  important  pigment; 
eainatora   }(  became  a  desideratum  with  chemists,  to  ascertain  its 
ed^by  ^ae-  exact  composition.  Macquer  was  the  first  chemist  of  note, 
quer;  tad    ^^^ho  entered  upon  this  investigation.  He  ascertiuned  several 
facts,  correctly,  of  it;  but  drew  the  erroneous  conclusion, 
that  it  was  composed  of  iron,  supersaturated  with  phlogis- 
ton, or  the  hypothetical  substance,  whose  presence  was 
supposed  to  give  combustibility  to  combustible  substances. 
bySehede,  Scheele  was  the  next  chemist  of  eminence,  who  took  up  the 
nt«nuco-  subject.   He  discovered  a  method,  by  which  the  colouring 
loarnig       matter  of  the  pigment,  might  be  separated;  and  came  to 
whfr'  t  ^^^  conclusion,  that  it  was  a  compound  of  ammonia  and 
the  nuneol  charcoal.  His  process  has  already  been  given,  in  the  begin- 
P'?'"*'^       ning  of  the  present  section.  The  colouring  matter  was  soon 
after  named  prussic  acid  by  Morveau;  and  it  continued  to 
be  called  by  that  name,  until  very  lately. 

Berthollet   repeated   and   extended  the   experiments  of 
'  Scheele.  This  chemist  came  to  the  conclusion,  that  prus- 

sic- acid  does  not  contain  ammonia  ready  formed,  but 
is  a  triple  compound  of  carbon,  hydrogen,  and  azote. 
This  conclusion  was  confirmed  by  Clouet,  who  found, that 
prussic  acid  was  formed,  when  ammonia  is  made  to  pass 
through  a  red-hot  porcelain  tube,  filled  with  charcoal. 
Now,  the  ammonia  must  have  been  necessarily  decom- 
posed, under  such  circumstances. 

Although  the  researches  of  Scheele  and  Berthollet  had 

made  manifest  the  constituents  of  prussic  acid;  yet  no 

chemist  was  aware  of  the  manner,  in  which  they  were 

combined.  This  discovery  was  reserved  for  Gay-Lussac* 

Manner  In      This  chemist  discovered,  in  1815,  that  a  peculiar  gaseous 

whteb  the   fluid  might  be  obtained,  by  exposing  the  substance,  usually 

enuofthe  c^U^^  prussiate  of  mercury,  to  a  heat,  somewhat  under 

eoiooring    rcducss.  He  ascertained  that  it  possessed  many  curious 

vm^S  ^  properties,  and  that  it  was  a  compound  of  carbon  and  azote. 

eertained    It  is  the  cyauogen*  gas,  already  noticed  under  the  head  of 


by  Gay. 


*  Cyanogen  it  derired  from  KtMtvec»  n  bhie  eoloar,  and  ytynofttu  to  geftCftte;  it 
—  Uie  ehaiaeteriitio  ooDftitnent  in  Pniaiiai\,blac. 
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carbon.  He  discovered  ako,  that  this  gas,  combined  with   ChatJT. 
hydrogen,  constitutes  pure  prussic  acid;  and,  conscquendy,       . 
that  the  azote,  in  this  acid,  is  not  combined  with  hydro-  ^Jl^ 
gen,  in  the  form  of  ammonia,  but  with  carbon,  forming  changed 
c}ranogcn.  This  discovery,  of  the  manner  in  which  the  con-  ^TtoSiy^^ 
stituents  of  the  acid  are  combined,  induced  Gay-Lussac  to  droeyaoM 
alter  its  name  from  prussic  to  hydrocyanic.  •^* 

IX.  Hydrocyanic  acid,  as  obtained  by  Gay-Lussac's  pro*  Propertiet 
cess,  is  a  colourless  liquid,  possessing  a  strong  smell,  simi-  of  t>}^^7* 
lar  to  that  of  peach  blossoms;  and  a  sharp  taste,  which,  at 
first,  appears  cooling,  but  afterwards  produces  a  burning 
sensation  in  the  mouth.  At  the  temperature  of  44^^,  its 
specific  gravity  is  0*70.  At  th«  temperature  of  64)^,  it  is 
0*69.  Its  specific  gravity,  in  a  state  of  vapour,  compared 
with  common  air,  is  0*94*  Its  boiling  point  is  at  79*7^,  and 
its  point  of  congelation,  about  S^» 

A.  Hydrocyanic  acid  vapour  is  inflammable.  When  fired 
by  the  electric  spark  with  oxygen,  the  products  are  water, 
carbonic  acid,  and  azote.  Iodine  exerts  no  action  upon  it: 
this  supporter  may  be  volatilized  in  the  acid  vapour,  with- 
out  undergoing  any  change.  It  is  decomposed  by  chlorine, 
chlorocyanic  acid  being  formed,  and  hydrogen,  evolved. 

XI.  When  potassium  or  sodium  is  heated  in  hydrocyanic 
acid  vapour,  the  latter  becomes  decomposed;  cyanodide  of 

Eotassium  or  sodium  is  formed,  and  hydrogen,  evolved.  In 
ke  manner,  cyanodides  are  formed,  when  potash,  soda,  or 
barj^s  is  heated  in  this  acid  gas.  When  passed  over  red- 
hot  iron  or  platinum,  the  acid  vapour  is  completely  decom- 
posed into  its  ultimate  constituents. 

XII.  Hydrocyanic  acid  cannot  be  kept,  for  any  length  hdeoom- 
of  time,  without   undergoing  a  total   change.   The   pi'^EJJ^?*^ 
ducts  of  its  decomposition   are   ammonia,  and  a  charry  into  anJoo- 
matter,  which  is  deposited.    It  does  not  appear  capable  of  n^«»<i 
combining  with  salifiable  bases.  When  the  attempt  is  made  ^ 
to  produce  this  combination,  a  double  decomposition  takes 
place,  and  a  cyanodide  and  water  are  formed.  Some  of 
these  decompositions  will  be  detailed  under  the  heads  of 
the  salifiable  bases. 

XIII.  Hydrocyanic  acid  is  composed  of  luooingt»- 
Azote   14— one  atom.  1    *     r»  ^           «-           ^^^^        •**'~' 
Carbon  12-«ro  atoms,  j  "  ^y«~8«  S6-one  atpm. 

Hydrogen   1— «one  atom. 

Giving  27  for  the  number 
representing  the  weight  of  its  atom. 

XIV.  Hydrocyanic  acid  is  a  very  ddeterious,  narcotic  lu  proper- 
pobon.  It  has  beea  employed  of  late,  by  Magendie,  at  a  [^^J^f 


$9#  *f^^ 

**y»*QP  ***  pable  pf  arrt:9tuig  the  progre99i  9f  thi?  ^Fcj^dful  dia^a^ 
when  completely  formeclf  bm  ip  $01110  c^t^^  yi^t  in  this 
ippipiept  st^tOt  it  hA9  palmed  tb^  irrit^tiop,  which  give^  ris^ 
to  coujd|^  and  le«9ene4  ^^pcctpratiqp  ia  fi  remprkahle  de- 
gr^^Ct  Thi#  t^^\4f  9B  9  reinfidy  in  phthisis,  h94  d<:«ervedl7 
attracted  the  attentipn  of  practitioner^  in  diSt^rent  countriea; 
irnd  h  now  ufider^ing  such  triah^  as  will,  09  dwiHf  dpter- 

wm%  wiih  pTpwimt  w  p»edicinai  p9wcn»# 


CLASS  iv. 

JiCWa  OFIEREGULJlR  COMVTrTUTIOJf. 
Aoidsor  if     This  class  of  acids  embraces  the  following  oompounds: 

regular  oon- 

atiuition,  1*  Chloroearbooie  AekL  5.  Cbloroeyanie  Add. 

enuncnit-  ft-  (*blorMdM  Aoid.  S.  Salphaeyanie  AcM. 

ed.  f  Bftropuai^  \tifL  J,  Ferro^tifi^  \^ 

4>  SiUfofuorie  Acid. 

These  acids  viU  be  described  \n  die  aevM  fpUovitif 
aectipns. 

SECTION  h 

Of  qm/>R0CAB9QN|q  AQIB, 
PhMgmie  gU9  of  J.  Dairy. 

ctoppnip.      I.  CBfi^oi^oc4»?OH|c  4c^p  may  h^  obtained  by  »lf#  fol- 

J5J»»^^2**  lowing  pro^eft^:  Ipto  a  fla^k,  made  aa  dry  aa  possihJl*?  and 

^  wsHir  ^^h^jistpd  of  air,  introduce  equal  vglmnea  pf  chlqrinp  gaa 

and  carbonic  o^ide  gaa,  previously  dried,  as  completely  a9 

posaibjie,  by  being  l^ft  in  contact  widi  fuwd  chtaridc  of 

calcium  (muriate  of  limt>)#  Qxpoae  the  mi^Ltuyv  to  ^imahiii^ 
jCpr  aboi|t  a  quarter  of  ap  hour*  The  gaaea  diminish  to  qtmr 

ball  tlKir  original  bulk^  the  chbrinc)  at  th^  aaime  timet) 

losing  its  pttculiar  colour.  The  resulting  gaa  ia  cbloi^ 
carbonic  acid.  )t  was  discpver^d^  iix'  XHl%  Xnf  Dfi  John 
Dnvv,  •  ^ 

Ittpropow      IL  Ghlorocarbonie  aeld  ts  a  gapeoua  fluid*  inyifible  and 
^^  elastic  like  commop  air^   Iia  smell  is  very  strong,  and  has 

been  compared  lo  that  which  would  be  produced  bv  the 
mixture  of  th«  odours  of  chlorine  and  ammonia*  Its  fumes 
are  more  strong  and  suft^oating  than  those  of  ohlonfie: 
their  action  on  the  eyes  cau>«t8  a  painful  sensation,  and  a 
rapid  tow  •!  tears.  It  ebanges  vegeuble  Uuea  to  red,  wd 
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has  other  properties  of  ao  acid.  It  is  decomposed  b^  water*  Ubat.II. 
and  is  converted  into  hy4rochlpric  (muriaiic)  acid  and  car-  ^'^^'""^•^^ 
bonic  acid.  Its  decomposition  is  produced  also,  when  anti- 
mony, arsenic,  zlnis,  pr  fin,  is  braird  in  it;  tibe  chlorine 
'  being  absorbed  by  these  metals,  and  carbonic  oxide,  left 
behind.  It  is  not  known  to  combine  with  any  salifiable  base 
but  amooooia. 

II  {•  Cblorpcarbooic  9cid  is  eqaiposed  pf  lummp^ 

r^^  i::^""""  T""'  I  -  Carbonic  oxide  14-one  atom."*'^"' 
Carbw  6->vtop«  atom.  / 

Chlprinc  ^s^m^t^  s(tom# 

Giving  50  for  the  num- 
ber representing  the  weight  of  its  atom. 


SECTION  II. 

or  CI|U>H10Q1C  ACID. 

Chhruret  ^/odi'ite  of  Gay-Lntnc. 

L  CHtoaioPic  4CIP  is  formed,  when  a  current  of  chlo- cmovMu 
rine  is  mmle  to  pass  i»tQ  a  vessel  containing  iodine.  A^^^ 
fombinaliofi  takes  place,  and  die  cQmpound  formed  ia  cblp^ 
fiodii)  acid* 

II.  This  aiiid  waa  Srat  diacovered  by  Sir  H«  Davy;  and 
afterwards  by  Qay-Lussac,  without  being  aware  of  the  prt- 
vioua  diseover>'  o^  I>avy« 

HJkf  ChlpriqdiQ  acid  is  a  soUd  sghstanoii  and,  whie«  in  proper- 
airiiher  of  its  eoastitueats  is  in  exi;rss,  it  has  a  yellow  ^^ 
oolQur*  Whei),  however,  the  iodine  is  in  eiteeas,  it  is  red. 
It  i«  vfff>  vfilatile,  and  deliqueac^s,  when  exposed  to  the 
optrn  air* 

<V^  Chloriodie  acM  dissolves  in  water*  This  aolution  isDiMitctni 
aetourleea,  if  neither  QOiMtitueni  of  the  aeid  be  in  excesa; 
but  if  the  eblorin*  pi«:d<»mlnates,  it  haa  a  yellow  colour.  It 
tftdnaUy  desMiys  vegetable  eolpura,  and  possesses  many 
if  the  pronertiea  of  an  aeid,  It  is  always  decomposed, 

whenever  the  attempt  is  made  to  unite  it  with  a  ssUfiable 
base;  water  being  decomposed,  and  hydrochloric  (muriatic) 
and  iodic  acids,  being  formed.  No  analysis,  which  can  be 
depended  upon  for  accuracy,  has  been  made  of  this  acid. 


ass  ^**™- 
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OF  BOROFLUORIC  ACID. 

Vioal  ehemifltl  name,  Fluobaric  JicitL 

Boroflo*-        I*  BoROiLUORic  ACID  may  be  obtained  by  applying  the 
ne>^^    heat  of  a  lamp  to  a  mixture,  in  a  retort,  of  one  part  of 
^7        'finely  pulverized  fused  boracic  acid,  two  parts  of  fluor 
spar  (hydrofluate  of  lime)  and  twelve  parts  of  sulphuric 
acid.  A  gas  is  disengaged,  which  must  be  collected  over 
mercury:  this  gas  is  borofluoric  acid.  It  was  discovered,  in 
1808,  by  Gay-Lussac  and  Thcnard. 
lu  proper*      'I*   oorofluoric  acid  is  a  gaseous   fluid,  invisible  and 
tiei.  elastic  like  common  air.   Its  taste  is  exceedingly  acid,  and 

its  smell  resembles  that  of  hydrochloric  (muriatic)  acid.  It 
instantly  changes  vegetable  blues  to  red.   It  may  be  passed 
over  red-hot  iron,  without  undergoing  decomposition.   It 
Spee.  jprtT.  is  about  two  and  one-third  times  as  heavy  as  common  air. 
^*^^'      It  combines  with  salifiable  bases,  and  forms  salts  which  will 
be  called  borofluates. 
Abiorbed,        III.  Water  absorbs  700  times  its  volume  of  borofluoric 
amocmL  by  ^^  8**»  ^^^  becomes  nearly  four-fifths  heavier.    Liquid 
water.        borofluoric  acid,  which  is  thus  formed,  has  a  certain  degree 
of  viscidity;  in  which  circumstance,  as  well  as  in  requiring 
a  high  temperature  for  ebullition,  it  resembles  liquid  sul- 
phuric acid.  When  heated,  it  emits  fumes,  until  about  one* 
fifth  of  the  acid  gas  has  separated;  after  which,  the  further 
increase  of  heat  produces  no  effect.  It  agrees  also  with  liquid 
sulphuric  acid,  in  the  manner  in  which  it  acts  upon  aoimal 
and  vegetable  substances;  it  converting  them  into  charcoaL 
IV.  When  potassium  or  sodium  is  heated  in  borofluoric 
acid  gas;  these  metals  undergo  combustion,  and  the  acid  is 
decomposed.   Fluoride  of  potassium  or  of  sodium  is  form- 
ed, intermixed  with  boron.   When  either  of  these  fluorides 
is  thrown  into  water,  this  liquid  is  decomposed,  and  hydro- 
fluate (fluate)  of  potash  or  soda  is  formed.  Hence,  it  is 
evident  that  borofluoric  acid  is  a  compound  of  boron  and 
fluorine;  but  united  in  what  proportional  quantities  is  not 
known. 


n 
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SECTION  IV.  

OP  SUJCOFLUORIC  ACID. 

UfOftl  oliemieal  namet,  SUicated  Flutrie  Aeid.'^FfMHUcic  Acid. 

The  Fburic  Acid  of  Seheele. 

I.  SiLicovLUORic  ACID  may  be  obtained  by  exposing  siiiMiaQD- 
equal  parts  of  pulverized  fiuor  spar  and  glasa^  made  into  a  ^  *^y^ 
paste  with  sulphuric  acid,  to  a  gende  heat,  in  a  retort*  A  ^dT 
gas  is  extricated  in  abundance,  which  must  be  collected 
over  mercury.  This  gas  is  silicofluoric  acid. 

|I.  As  the  history  of  this  acid  gas  is  very  much  connect-  Aaeoont 
ed  with  the  researches,  which  have  been  made  by  chemists,  ^^^^ 
from  time  to  time,  into  the  nature  of  fiuor  spar,  frequently  whieh  tod 
called  Derbyshire  spar,  it  is  proper  to  give  a  short  account  ^  the  dii. 
of  them.  la  true  IP- 

Fluor  spar  was  formerly  used  as  a  flux  to  facilitate  the  tore, 
fusion  of  ores;  and  it  is  from  this  circumstance  that  it  has 
its  name.  Nothing  had  been  ascertained  of  its  chemical 
nature,  except  that  it  had  the  power,  under  certiun  circum- 
stances, of  corroding  glass,  a  fact  which  was  known,  at 
Nuremberg,  as  early  as  the  year  1670,  until  Margraff  pub- 
lislied  a  dissertation  on  it,  in  the  Berlin  Transactions  for 
1768.  This  chemist  ascertained,  that  sulphuric  acid  was 
not  one  of  its  ingredients,  as  had  been  previously  conjec- 
tured; and  procured,  by  the  action  of  this  acid  upon  it,  a 
wliite  sublimate,  which  he  supposed  to  be  the  fiuor  spar 
itself,  undecomposed.  He  obset-ved,  also,  that  the  retort,  in 
which  the  experiment  had  been  made,  was  corroded  into 
holes  in  several  places. 

In  1771,  three  years  after  the  publication  of  Margraff; 
Scheele  published  a  set  of  experiments  upon  fiuor  spar. 
This  chemist  resolved  it  into  lime,  and  a  peculiar  acid, 
before  that  time  unknown,  to  which  he  gave  the  name  of 
fluoric  acid,  from  the  name  of  the  spar  itself.  He  examined 
the  acid,  which  he  obtained,  and  noted  many  of  its  proper- 
ties. The  subject  was  soon  after  pursued  by  Priesdey. 
This  chemist  demonstrated  that  the  acid,  obtained  by 
Scheele,  was  a  gaseous  fluid,  and  added  considerably  to 
the  knowledge  previously  possessed  with  regard  to  its 
nature. 

Although  the  fluoric  acid  of  Scheele  remained  an  unde« 
compounded  substance,  contrary  to  the  analoffy  of  the 
other  acids;  yet  it  was  considered  to  be  perfectly  well 
ascertained,  that  it  was  the  acid  existing  in  fluor  spar.  This 
•pinion  was  universally  held^  when  Weigleb,  Bucholz,  and 
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ttooit  t    Meyer  successively  proved,  that  the  fluoric  acid  of  Scheele 

P*^'*""^   contained  silica,  which  did  Hot  eitiac,  necessarily,  in  the 

acid  of  fluor  spar;  but  entered  into  combination  with  it,  in 

consequence  of  its  entf  i6a<ion  in  glass  vessels;  such  vessels 

being  always,  in  part,  dissolved  by  its  action. 

In  1808,  Gay-Lossac  and  Thenafd  discovered,  that,  by 
distilling  fluor  spar  containing  no  silica,  with  concentrated 
sulphuric  acid,  in  leaden  vessels,  an  acid  is  obtaitied,  very 
diflPerent  ffonf  the  fluoric  acid  of  Scheele,  in  which  siliea  is 
not  a  conscituent. 

In  1812,  Dr.  John  Davy  ascenalned,  that  the  duorle 
acid  of  Scheele  contained  silica,  not  as  an  accidental,  but  ai 
an  essential  eonstftucnt;  and  that  the  acid  of  Scheele  Was 
composed  of  the  fluoric  acid  of  Gay-Lussac  and  Thenard, 
Md  silica,  united   in   an   invariable   proportion.    Hence, 
therefore,  Scheele  did  not  discover  the  acid  of  fluOr  spar; 
but  the  acid,  which  he  obtained,  is  a  peculiar  one,  coni- 
posed  of  the  true  acid  of  this  spar  atid  dilka.   It  is  this  pe- 
culiar acid,  which  furnishes  the  sifbjeet  of  the  present 
sectioit.    The  true   acid   of  fiuor  spar,  eomnionly  Called 
fluoric  acid,  has  already  been  described,  utider  the  name  of 
hydrofluoric  acid. 
Prapcrtiei       III.  Stlicofloofic  acid  ift  a  gaseous  fluid,  ittvisibte  and 
•'.■^2*""  elastic  Ifte  common  air.  It  possesses  a  very  sOUr  taSte,  and 
^™  a  smefl,  sifHibr  to  that  of  hydrochloric  (muriatic)  acid.   It 

changes  vegetable  blues  to  red.  Whed  allowed  to  escape 
fnftd  the  Open  air,  it  assumed  the  fatta  of  white  fumeft,  oW- 
Spee.  grtr.  ing  tO  fts  combination  with  moiscuf'e.  It  is  about  three  and 
***^-     a  naif  times  aft  heavy  as  eommofl  air.  It  is  absorbed  by 

tratef,  which  takes  up  tes  times  its  vofumre  of  tlie  acid 

gas;  but  it  is  decomposed,  and  deposites  its  silica. 

ItsprabsF        IV.  As  to  the  composition   of  silicofluoHe  aeid,  the 

Weownpo. m^j^t  u^M$l  Opinion  is,  that  it  is  a  dompouAd  of  hydro- 

fluorie  (fluoric)  acid  and  sifica.   If  this  should  turn  out 

'  to  be  hs  true  composition;  theti,  according  to  the  nomen- 

ctatuf^  adopted  in  this  work,  it  should  be  called  silicated 

faydrofludric  acid.   Sif*  H.  Davv,  however,  supposes,  from 

shialogy,  that  it  is  composed  Ot  fluorine  and  silicum.* 


I  >  ■  ■  ■  III      *  i  1  tt 


*  tlM  i««der  kM,  il«  dtubt,  notiMcltf  tliafc  I  have  taken  the  Kberlj  of  ^podb% 
new  namei  fot  the  aeida  last  deacrihed.  I  parpoaely  omkted  any  explanation  od 
the  labjeet,  until  both  aeUli  were  deaeribed;  in  order  that  one  notice  of  the  nlt^ 
rstimie  nright  amrre  for  both. 

As  I  hira  rejected  the  opinion  that  silica  is  an  acid,  er  silieoik  acidifiable,  I 
could  not  flfire,  to  the  naitrescftheae  Aubstaffeei,  tfrc  ehameteiisf  16  ferthlnatidn  6f 
io  aafar.  ReMiv  It  cMid  Mt  bo  pi^per  ts  aiil  the  add,  hew  desMikiateS  sile*- 
flocfrie  acid,  by  the  name  of  ftuonlieio  aeid,  or  the  salts  formed  bj  it»  ftuoulicatea. 
nese  tatter  uSU  have,  thefefore,  been  cafted  sifieoffaafesy  #fiieh  is  a  better 
Um^t  M  it  W  seme  eonfopmity  wMk  thd^'oM  nflN*^  flMites.  Thm  disetirerefs  Af 
borofliioric  add  (Gay-Lusaao  Sc  Thenard)  have  giTeo  to  it,  the  name  of  fluoborie 
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SECTION  V. 

OF  CHLOROCYANIC  ACID. 
Oxypruuh  Acid  of  Berthollet. 

I.  Chlorogtanic  acid  may  be  obtained  by  the  follow-  ChiorMja- 
ing  process:  Pass  a  current  of  chlorine  through  a  solution  SUiJ*2!lLin- 
of  hydrocyanic  acid,  in  water,  until  the  latter  discolours  ed. 
indigo   dissolved   in  sulphuric  acid.     Agitate    the  liquid 
obtained  with  mercury,  in  order  to  remove  any  excess  of 
chlorine.  The  liquid  is  now  a  solution  of  chlorocyanic  acid. 

To  separate  it  in  a  pure  state,  a  glass  cylinder  is  filled, 
two-thirds  with  mercur\',  and  the  remainder  with  this  li- 
quid, and  then  inverted  in  a  basin  of  mercury.  The  cylin- 
der, thus  disposed,  is  put  under  the  receiver  of  an  air-pump, 
and  the  air  exhausted,  until  the  whole  of  the  mercury  and 
liquid,  contained  in  the  cylinder,  sinks  into  the  basin;  the 
space  in  the  cylinder,  being  filled  with  chlorocyanic  acid 
vapour.  Upon  letting  the  air  into  the  receiver  again;  the 
mercury  rises  in  the  cylinder,  and  the  chlorocyanic  vapour 
becomes  condensed  into  a  liquid,  and  is  thus  obtained  pure. 

II.  Berthollet  was  the  first  chemist  who  formed  this  Discovery, 
acid;  but  he  was  led  to  believe,  that  it  was  a  compound  of 
oxygen   and   prussic  (hydrocvanic)  acid.   Its  real  nature 

was  ascertained,  in  1815,  by  Gay-Lussac,  who  obtained  it, 
in  a  separate  state,  by  the  process  just  given. 

III.  Chlorocyanic  acid  is  a  colourless  liquid,  possessing  Its  proper- 
a  peculiar  odour.  Its  vapour,  when  drawn  into  the  nose,^^* 
stimulates  the  Sneiderian  membrane,  and  occasions  a  flow 

of  tears.  It  is  capable  of  combining  with  water.  It  is  not 
known  to  combine  with  any  of  the  salifiable  bases. 

IV.  Chlorocyanic  acid  is  composed  of 

Azote    14— one  atom.    )      r>  oi- 

/^    .        ««     «        ^  y  SB  Cyanogen  26-— one  atom. 

Carbon  12— two  atoms.  J         *       ° 

Chlorine    36— one  atom. 

Giving  62  for  the  number 
representing  the  weight  of  its  atom. 


(flooboriqoe)  aeid.  Both  the  constitaents  of  this  acid  are  acidifiable;  and,  perhaps, 
it  may  be  called  by  both  these  names  witli  equal  propriety  But  in  order  that  tne 
acids,  containing  flaorine  (or  hydrofluoric  acid)  might  hare  a  aniform  termina- 
tion, formed  from  the  name  of  this  aabstance,  the  nana  of  boroAiiorio  acid  has 
been  sabstitntedfor  flaoboric  acid. 

2H 
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SECTION  VL 

OF  SULPHOCYANIC  ACUX 
Sulpkuntied  Chfone  Add  of  Piorrett — Anthrtuoihimue  AeidaiGnMSbnu. 

SoipliMya-  L  SujLPHOCTANic  ACID  may  be  obtained  by  the  follow- 
h**  *^rtJUD*  *"8  process:  Dissolve  one  part  of  sulphuret  of  potash  in 
ed.  *  water,  and  boil  it  with  three  or  four  parts  of  Prussian  blue 

in  powder,  added  at  intervals:  sulphuret  of  iron  becomes 
formed;  and  there  remains  in  solution,  sulphocyanic  acid, 
combined  with  potash,  together  with  sulphate  and  hyposul- 
phite of  potash.  At  this  stage  of  the  process,  add  sulphuric 
acid  to  the  liquid,  until  it  become  decidedly  acid.  Then 
heat  it  nearly  to  the  boiling  point,  for  some  time,  and  add 
a  little  peroxide  of  manganese:  the  liquid  will  assume  a 
crimson  colour.  Now  add  to  it  a  solution  of  two  parts  of 
persulphate  of  copper,  and  three  parts  of  sulphate  of  iron, 
until  the  crimson  colour  disappear.  A  copious  precipitate 
falls,  which  is  sulphocyanic  acid,  in  combination  with  pro- 
toxide of  copper*  By  boiling  this  salt  in  liquid  potash,  the 
acid  becomes  dissolved,  and  the  protoxide  is  left  behind. 
Mix  the  solution  of  the  acid  in  liquid  potash,  thus  obtained, 
with  sulphuric  acid,  and  distil  in  a  retort.  The  product  of 
the  distillation  will  be  sulphocyanic  acid. 
Itseheml-  II*  Sulphocyanic  acid  was  discovered,  in  1808,  by  Por- 
^btfuL^  rett,  by  whom  it  was  called  prussous  acid.  This  chemist 
re-examined  this  acid  in  1814,  and  ascertained  that  it  con- 
tained sulphur;  and  finally  concluded,  that  it  is  a  compound 
of  hydrocyanic  acid  and  sulphur.  A  chemist,  of  the  name 
of  Grotthuss,  has  still  more  lately  examined  this  acid;  and 
concludes,  that  it  contains  neither  cyanogen  nor  hydrocyanic 
acid,  ready  formed;  but  the  constituents  of  these  compounds* 
He  thinks  that  azote  and  hydrogen  are  present  in  it,  in  the 
requisite  proportions  to  form  ammonia;  but  he  does  not 
believe  that  the  acid  contains  this  alkaline  base  ready  form- 
ed. The  theory  of  the  composition  of  the  acid,  which  this 
chemist  embraces,  is,  that  it  has  a  triple  compound  base, 
consisting  of  carbon,  azote,  and  sulphur,  which  he  proposes 
to  call  anthraaothion,*  and  that  this  base  is  acidified  by  hy- 
drogen. The  acid  itself  he  calls  anthrazothionic  acid.  Vogel 
combats  the  conclusions  of  Grotthuss,  shows  in  what  way 
his  experiments  were  fallacious,  and  coincides  in  opinion 


*  From  the  Greek  vordi  ngnifying  ebareoal«  azotej  and  sulphur. 
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wiA  Porrett,  that  this  acid  is  really  a  compound  of  hjrdro-  Cmap.  tL 
cyanic  acid  (or  its  elements)  with  sulphun*  — — . 

IIL  Sulphocyanic  acid  is  a  colourless  liquid,  possessing  lu  proper- 
a  strong  smell,  which  somewhat  resembles  that  of  acetic  ^^^ 
acid  (disttUed  vinegar).   In  a  state  of  the  greatest  concen-  Spee^pwr. 
tration,  it  is  very  litde  heavier  than  water.  When  subjected     **^* 
to  distillation,  it  is  partially  decomposed.   Its  combinations  ' 
with  salifiable  bases  are  called,  by  Dr.  Thomson,  sulpho- 
cyanates. 

IV.  According  to  Porrett,  sulphocyanic  acid  is  composed, 
in  whole  numbers,  of 

Hydrocyanic  acid    37-— one  atom. 

Sulphur  51— -more  than  three  atoms* 

So  that  it  appears,  that  the  proportion,  in  which  the  proxi- 
mate constituents  of  this  acid  combine,  does  not  accord 
with  the  atomic  theory. 

V.  Vogel  has  ascertained  that  sulphocyanic  acid  possesses  AoMtiTe 
the  properties  of  a  very  active  poison.  When  concentrated,  *"*»• 
even  in  a  small  dose,  it  produces  death  very  quickly.  When 
diluted  and  given  in  repeated  doses,  it  exhibits  its  effects 
more  particularly  upon  the  organs  of  respiration,  and  extin- 
guishes life  more  slowly.f 


SECTION  VII. 

OF  FKRROCTANIC  ACID. 
Ferruretted  ChyazU  Add  of  Porrett 

I.  Ferroctanic  acid  may  be  obtained  by  the  following ''««toct*-- 
process:    Dissolve  the  salt,  usually  called  triple  prussiatr  how*obuia 
of  barytes,  which  is  a  compound  of  ferrocyanic  acid  and  ed. 
barytes,  in  cold  water,  and  add  absolute  sulphuric  acid,  in 

the  proportion  2*53  grains  for  every  10  grains  of  the  salt 
employed.  The  sulphuric  acid  will  combine  with  the  ba- 
rytes of  the  triple  prussiate,  and  gradually  fall  in  the  form 
of  an  insoluble  sulphate.  After  removing  the  sulphate  by 
the  filter,  the  remaining  liquid  will  be  a  solution  of  ferro- 
cyanic acid. 

II.  Porrett  has  lately  given  a  method  for  obtaining  ferro- 
cyanic acid  in  the  state  of  crystals.  The  process  consists  in 
adding  an  alcoholic  solution  of  crystallized  tartaric  acid  to 
the  triple  prussiate  (ferrocyanate)  of  potash.  All  the  potash, 


*  Annala  of  PhHoiophy  (Feb.  1819.)  f  Ibid.  p.  IM. 
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Book  I.    prese&t  in  the  salt,  will  fall  ia  combinauon  with  the  tartaric 

DivwodII,  a(.}d^  jn  the  form  of  bitartrace  of  potash  (cream  of  tartar), 

while  the  ferrocyanic  acid  will  be  found  dissolved  in  the 

alcohol*  By  spontaneous  evaporation,  the  acid  falls  in  the 

form  of  crystals** 

It!  diMOTe-     III.  As  the  history  of  this  remarkaUe  acid  is  connected 

c5  tlith  the'^^'^y  closely  with  the  investigations,  made  by  chemists,  into 

investiga-    the  nature  of  the  salts,  usually  called  triple  prussiates,  it 

tionaof  the^iU  be  proper  to  give  some  apcount  of  these  peculiar  com- 

siatci.^"*'  binations. 

A  very  short  and  imperfect  account  has  already  been 
given  of  hydrocyanic  acid,  or,  as  it  is  usually  called,  prus- 
sic  acid.  It  was  very  soon  remarked  by  chemists,  that  this 
acid  forms  salts  in  a  very  imperfect  manner,  unless  iron  be 
present  in  them;  and  subsequent  investigations  have  even 
made  it  doubtful  whether  it  be  capable  of  combining  with 
salifiable  bases  at  all*  Prussiates,  which  were  made  perma- 
nent by  the  presence  of  iron,  were  supposed  to  be  salts 
containing  two  bases,  of  which  protoxide  of  iron  was  con- 
sidered to  be  one.  For  example,  the  compound  called 
prussiate  of  potash,  when  made  permanent  by  the  presence 
of  iron,  was  called  prussiate  of  potash-and-iron,  or  more 
usually  triple  prussiate  of  potash.  The  only  permanent 
simple  prussiate,  formerly  supposed  to  be  known,  was  the 
prussiate  of  iron;  and,  in  this  salt,  the  iron  appeared  to 
exist  in  two  states  of  combination  with  oxygen,  both  as  a 
protoxide  and  a  peroxide. 
Anomtiies  The  facts  just  stated  were  viewed  with  surprise  by 
pi^agil^^^^^^^  chemists.  No  salts  but  the  prussiates  exhibited  similar 
suted.  chemical  relations.  Other  acids  were  capable  of  combining 
with  a  variety  of  double  bases;  but  the  prussic  acid  could 
form  no  triple  salt,  which  had  not  iron  for  its  second  base. 
Neither  did  it  appear  capable  of  forming  any  permanent 
simple  salt,  except  with  iron.  It  was  further  observed,  that 
the  properties  of  the  triple  prussiates  are  not  only  different, 
but  diametrically  opposite  to  those  of  the  compounds  called 
simple  prussiates.  The  triple  prussiates  are  permanent  in 
the  atmosphere,  and  are  not  easily  decomposed  by  any  acid, 
however  powerful:  whereas  the  compounds  called  simple 
prussiates  suffer  spontaneous  decomposition  in  the  air,  and 
their  acid  is  displaced  by  every  other  acid.  The  triple 
prussiates  are  particularly  remarkable  in  not  yielding  indi- 
cations of  the  presence  of  iron,  when  treated  with  the  re- 
agents for  the  detection  of  this  metal.  From  all  these  facts 


*  Annalt  of  Philosophy,  p.  317.  (Sep.  1818). 
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it  was  evident)  thftt  iron  possessed  chemical  relations  to  the  CiArr  IL 
prussiates,  which  could  not  be  satisfactorily  explained  on  — — - 
the  supposition,  that  it  was  present  in  these  salts  as  a  sali- 
fiable base*  « 

The  difficulties,  which  were  presented  by  the  triple  prus*  Thej  are 
slates,  were  at  last  removed  by  Porrett.  This  chemist  has  5y*the"dU- 
satisfactorily  shown,  that  iron  exists  in  these  compounds,  eovery  of 
not  as  a  salifiable  base,  but  as  a  constituent  of  an  acid,  ^^  ^^^"^^ 
which   is  peculiar  to  them  alone.    Hence,  therefore,  the  bj  Porrett. 
compounds  called  triple  prussiates  are  not  triple  salts,  but, 
in  reality,  simple  salts,  composed  of  Porrett's  ferruretted 
acid,  united  to  difierent  bases;  and,  being  a  distinct  set  of 
salts   from  the  prussiates   (so  called),   their  permanency, 
when  compared  with  the  latter,  can  no  longer  be  a  matter 
of  surprise.  By  the  aid  of  Porrett*s  discovery,  the  nature  of 
the  compound,  usually  called  prussiate  of  iron,  is  satisfac- 
torily explained.    It  is  not  a  prussiate,  but  a  salt  composed 
of  the  ferruretted  acid  and  peroxide  of  iron;  and,  hence,  its 
permanency  is  accounted  for.  It  contains  iron  in  two  states 
of  combination,  because  this  metal  is  present  in  it,  both  as 
a  constituent  of  its  acid  and  of  its  base. 

The  reader  has  now  had  explained  to  him,  in  a  very  con- 
cise way,  the  nature  of  Porrett's  discovery,  which  termi- 
nated in  demonstrating  the  true  nature  of  the  peculiar  com- 
pounds erroneously  called  triple  prussiates.  It  is  Porrett's 
ferruretted  acid,  under  the  name  of  ferrocyanic  acid,  which 
furnishes  the  subject  of  the  present  section. 

IV.  Ferrocyanic  acid,  in  a  state  of  solution,  is  a  liquid  Propertiii 
of  a  pale  yellow  colour.  It  is  destitute  of  smell.  It  suffers  J^il^^SSf ' 
decomposition,  when  exposed  to  a  gentle  heat'or  to  a  strong 
light.  It  expels  all  acids  from  salts,  with  whose  bases  it  may 

form  insoluble  compounds.  Its  compounds  with  salifiable 
bases  will  be  called  ferrocyanates.  These  combinations  are 
usually  called  triple  prussiates. 

V.  The  precise  composition  of  the  ferruretted  acid  still  Its  pree^e 
remains  in  great  doubt.  Porrett  appears  at  first  to  have  con-  ^"^^ 
sidered  it  to  be  a  compound  of  protoxide  of  iron  and  hy-  eorreetl:^ 
drocyanic  (prussic)  acid.    Dr.  Thomson,  however,  from'^^^"* 
theoretical  grounds,  considered  it,  in  his  system  of  chemis- 
try, a  compound  of  iron  and  cyanogen,  and  called  it  ferro- 
cyanic acid.  This  latter  chemist  has  recently  published  a 
paper  upon  the  triple  prussiate  of  potash,*  in  the  course  of 
which  he  examines  Porrett's  acid,  and  concludes  that  it  is  a 
compound  o£  hydrocyanic  acid  and  iron;  he,  however,  was 

not  enabled  to  reconcile  this  composition  with  the  atomic 


*  \iiiial8  of  PbiloMphy  XU.  IQfi 
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Book  I.    theoiy.  In  consequence  of  the  invefttigations  of  Thomson; 

DtTbioniL  Poirctt  was  Icd  to  re-examine  the  same  triple  prussiate; 
and  the  results  which  he  obtained,  induced  him  to  believe 
that  the  ferruietted  acid  contains  metallic  iron,  as  Dr* 
Thomson  first  supposed,  combined  with  the  elements  of  two 
atoms  of  hydrocyanic  acid  ^  an  atom  of  azote.  Or  to  state 
the  composition  folly,  he  considers  the  femiretted  acid  to 
be  composed  of 


Carbon 

24— four  atoms. 

Azote 

14— one  atom. 

Hydrogen 

2— two  atoms. 

Iron 

28— one  atom. 

68 

The  composition,  which  Porrett  assigns  to  the  femiret- 
ted acid  gives  an  equivalent  number  for  it,  which  acccords 
very  well  with  that  deduced  from  the  ferrocyanates  of  bary- 
tes  and  potash.* 

Although  it  is  doubtful  in  what  way  the  constituents  of 
this  acid  are  united;  yet  it  af^ears  to  be  perfectly  well  as- 
certained that  hydrogen  is  one  of  its  ingredients*  Of  course 
Dr«  Thomson's  name,  ferrocyanic  acid,  b  not  correctly 
formed.  Notwithstanding,  this  appellation  is  retained,  in 
preference  to  Porrett's  name,  which  has  the  disadvantage 
of  being  long  and  harsh-sounding. 

As  the  ferrocyanic  acid,  as  well  as  the  acid  last  described, 
contains  hydrogen,  perhaps  these  compounds  should  have 
been  classed  as  acids,  whose  bases  form  acid  compounds 
with  hydrogen  only*  But  as  their  chemical  nature  is  but 
imperfectly  understood,  and  as  yet  a  subject  of  controversy, 
it  appeared  most  expedient  to  place  them  amongst  the  acids 
of  irregular  constitution* 


CliASS  V. 


ACIDS  IX  WBICE  OXTGEX  AJTD  BTDBOGEX  AME  BOTH 

PRE8EMT. 

Fifth  oiau       Acids  belonging  to  this  class  are  the  following: 

of  Midi         .  1.  UrieAdd.  9.  Tartaric  AcU.  17.  PVrotarUrio  Acid, 

ennmenit-       S.  Purj^uric  Aeid.  10.  Benzoic  Aeid.  18    Mf>mxTlic  Acid, 

ed.  3.  Gallic  Aoid.  11.  Sftclactio  Acid.  19.  Suberic  Acid. 

4.  Formic  Acid.  13.  Citric  \cid.  SO.  Lacoic  Acid. 

5.  Oxalio  Acid.  Id.  Metlitic  Acid.  SI    Kinic  Acid. 
6*  Sorbic  Acid.  14.  Camphono  Acid.  8S.  Zuntio  Acid. 

7.  Succinic  Acid.  15.  Malic  Aoid.  523.  fiolede  Acid. 

8.  Aeatie  Acid.  16.  Laetie  Add. 


*  Anoala  of  PbiloK>phj  XXL  SIS,  (Sept  1818.) 
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These  acids  will  be  described,  in  the  order  in  which  they  Ci>.n. 
have  been  enumerated,  in  the  following  sections. 

SECTION  I. 

OF  UBIC  ACID. 
(Fomeriy  Mlled  LUhk  .MdJ) 

I.  Uric  acid  may  be  obtained  by  the  following  process:  Uri«aflid; 
dissolve  calculi,  which  are  composed  principally  of  this^^^*"^' 
acid,  in  liquid  potash,  and  precipitate  the  solution  by  means 
of  hydrochloric  (muriatic)  acid*  The  precipitate,  after  being 
washed  with  a  little  ammonia  to  separate  adhering  acid, 
and  afterwards  with  warm  water,  is  pure  uric  acid. 

IL  Certain  urinary  calculi  are  composed  almost  entirely 
of  uric  acid.  They  are  known  by  certain  external  marks, 
familiar  to  the  chemist.  When  they  are  dissolved  in  liquid 
potash,  a  solution  of  urate  of  potash  becomes  formed. 
When  hydrochloric  acid  is  added  to  this  solution,  it  com- 
bines with  the  potash  and  remains  in  solution,  while  the 
uric  acid  is  precipitated. 

III.  Uric  acid  was  discovered  in  1776  by  Scheele,  who  Its  liiitoiy. 
described  many  of  its  properties.  The  results  of  this  chemist 

were  afterwards  confirmed  by  Bergman.  The  French  chemists 
soon  after  gave  it  the  name  of  lithic  acid.  In  1797,  Dr. 
Wollaston  published  a  paper  on  the  calculous  concretions, 
and  added  much  to  what  was  previously  known  respecting 
this  acid.  The  following  year  Dr.  Pearson  published  a 
paper  on  the  same  subject,  and  enlarged  considerably  the 
previous  knowledge  of  its  nature.  This  chemist  pnoposed 
to  alter  the  name  of  the  acid,  from  lithic  to  uric^  a  change 
which  is  now  almost  universally  adopted.  Fourcroy  and 
Vauquelin  next  examined  the  acid,  in  their  treatise  on  uri- 
nary calculi.  Lastly  Dr.  Henry,  in  1807,  published  a  very 
full  account  of  the  uric  acid. 

IV.  Uric  acid  is  a  white  powder,  possessing  a  harsh,  but  Iti  proper- 
not  a  gritty  feel.  It  is  destitute  of  taste  or  smell.  It  changes  ^''. 
infusion  of  litmus  to  a  red  colour.   It  dissolves  in  1730 

times  its  weight  of  water,  at  the  temperature  of  60^;  and 
in  1150  times  its  weight  of  boiling  water*  As  the  boiling 
solution  cools,  the  acid  falls  in  the  form  of  minute  cr3^tals. 
When  subjected  to  distillation,  there  come  over  into  the 
receiver,  1.  a  drop  or  two  of  water,  holding  carbonate  of 
ammonia  in  solution;  2.  dry  carbonate  of  ammonia;  3.  a 
substance,  which  has  acid  properties,  and  wUch  has  been 
distinguished  by  the  name  of  acid  sublimate;  and  there 
remains  in  the  retort,  a  coal  amounting,  in  weight,  to  about 
one-sixth  of  the  acid  employed. 
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Book  I.        V.  Uiic  acid  combines  with  salifiable  bases,  and  forms 
Divirion  n.  gaits  caUed  urates. 

lu  eompo-      VL  According  to  an  analysis  lately  made  by  Dr.  Prout, 
nticNi.         m>iQ  acid  is  composed  of 

Azote  14— one  atom. 

Carbon  12— two  atoms. 

Hydrogen  1-— one  atom* 

Oxygen  8— one  atom. 

Giving  35  for  the  number  represent- 
ing its  atom.* 


SECTION  II. 


Parporie 
mold;  form- 
ed by  the 
aetioD  of 
nitric  «eid 
upon  uric 
acid. 


How  ob- 
tained in  a 
separate 
ftate. 


lu  proper 
tiff. 


OF  PURPURIC  ACID. 

I.  Ever  since  the  discovery  of  uric  acid,  it  had  been  ob- 
served by  chemists,  that  this  acid,  when  treated  with  diluted 
nitric  acid,  forms  a  solution  of  a  beautiful  pink  colour. 
This  solution  has  lately  been  examined  by  Dr.  Prout,  who 
has  ascertained  that  it  is  composed  of  a  peculiar  acid  prin- 
ciple united  to  ammonia.  For  the  acid  principle.  Dr.  WoU 
laston  has  proposed  the  name  of  purpuric  acid,  which  is 
adopted  by  Dr.  Prout.  It  is  this  newly  discovered  acid^ 
which  furnishes  the  subject  of  the  present  section. 

II.  Dr.  Prout  obtained  the  purpuric  acid  in  a  separate 
state  by  the  following  process:  He  digested  pure  uric  acid  in 
dilute  nitric  acid;  whereby  an  effervescence  took  place,  and  the 
uric  acid  was  dissolved.  He  next  neutralized  the  excess  of 
nitric  acid  with  ammonia,  and  concentrated  the  whole  by 
slow  evaporation:  as  the  evaporation  proceeded,  purpurate 
of  ammonia  separated  in  dark-red  granular  crystals.  By 
treating  the  purpurate  with  sulphuric  or  hydrochloric  (mu- 
riatic) acid,  the  ammonia  was  separated,  and  the  purpuric 
acid  fell  in  the  form  of  a  precipitate. 

III.  Purpuric  acid  is  in  the  form  of  a  very  fine  powder, 
of  a  slightly  yellowish  or  cream  colour.  Its  specific  gravity 
is  considerably  above  that  of  water.  It  is  very  sparingly 
soluble  in  water,  and  perfectly  insoluble  in  alcohol  or  ether. 
It  does  not  affect  the  colour  of  litmus  paper,  which  Dr. 
Prout  supposes  to  be  owing  to  its  sparing  solubility.  It 
does  not  deliquesce  in  the  air,  but  acquires  a  purplish  tint, 
which  is  owing  to  the  spontaneous  formation  of  ammonia. 


*  AnuaU  of  PbUoM^by  XI.  355. 
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When  exposed  to  heat,  it  neither  melts  nor  sttbltmes,  but  Cbai'.  il 
becomes  purple  and  burns  away  gradually,  without  exhaling 
any  remarkable  odour.  When  heated  in  close  vessels,  the 
products  are  carbonate  of  ammonia,  some  hydrocyanic 
(prussic)  acid,  a  little  liquid  having  an  oily  appearance,  and 
charcoal.  It  combines  with  a  number  of  salifiable  bases, 
with  which  it  forms  peculiar  salts,  proposed  to  be  called 
purpurates.    - 

IV.  According  to  Dr.  Prout,  purpuric  acid  is  composed  Compotf^ 

of  tKHI. 

Azote  14-— one  atom. 

Carbon  ^  12— two  atoms. 

Hydrogen  2-— two  atoms. 

Oxygen  16— two  atoms. 

Giving  44  for  the  number  represents 
ing  its  atom.* 

Upon  comparing  purpuric  acid  with  uric  acid,  it  is  per* 
ceived  that  they  agree  as  to  constituents.  The  only  differ- 
ence between  them  consists  in  the  presence  of  an  atom  of 
hydrogen  and  of  oxygen  in  the  former,  not  to  be  found  in 
the  latter. 

The  uric  and  purpuric  acids  are  the  only  acid  compounds 
of  the  fifth  class  which  contain  azote.  All  the  remaining 
acids,  belonging  here,  are  ternary  combinations  of  carbon, 
hydrogen  and  oxygen. 


SECTION  III. 

OF  GALLlCt  ACID. 

I.  GaDic  acid  may  be  obtained  by  exposing  pulverized  Gaiiie  Mid;, 
nutgalls,  in  a  large  retort,  to  a  heat,  cautiously  and  gradual-  ^  o*>**4"*' 
ly  raised.  A  substance  sublimes  in  a  crystallized  form, 
which  is  pure  gallic  acid.  This  process,  however,  does  not 
succeed  without  a  great  deal  of  precaution;  for  if  the  heat 
be  not  withdrawn  soon  enough,  a  portion  of  oil  is  driven 
over  also,  which  dissolves  the  crystals,  which  may  have 
previously  formed.  The  following  method  is  more  easily 
managed. 


*  The  ftbore  &ctf  retpeeting  purporie  add  h&Te  been  taken  from  Dr.  Proot's 
paper  on  an  aoid  prineiple  prepai'ed  from  urie  aeid.— Phil.  Tram.  1S18.  part  U. 
p.  490.  « 

-^  Vrom  ^la,  the  Latin  rame  for  the  oak-gall,  the  regetabie  snbstaoee  from 
which  galiie  aekl  was  first  obtained. 
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352  ^^^"^• 

Book  I.    This  acid  vas  discovered  by  Ber^^^an  and  Scheele.  A 
Di?i«on  n.  number  of  substances  yield  it  besides  sugar.   It  may  be 
formed  by  the  action  of  nitric  acid  upon  gum,  alcohol, 
honey,  and  a  great  variety  of  animal  and  vegeuble  sub- 
stances. 
Itt  proper-      II*  Oxalic  acid,  obtained  by  the  process  just  given,  is  in 
^^  the  form  of  transparent  crystals,  possessing  a  fine  white  co- 

lour and  considerable  lustre*  They  have  an  acid  taste,  and 
redden  all  vegetable  blues  except  indigo.  When  cautiously 
exposed  to  heat,  in  a  sand  badi,  they  lose  their  water  of 
cryst^lization,  and  fall  to  powder.  When  in  the  form  of 
crystals,  the  acid  is  not  altered  by  exposure  to  air;  but 
when  subjected  to  a  considerable  heat,  it  emits  a  smoke^ 
which  affects  disagreeably  the  nose  and  eyes,  and  becomes 
partially  decomposed.  When  taken  into  the  stomach,  in 
considerable  quantities,  it  acts  as  an  energetic  poison.  In 
the  amount  of  an  ounce,  it  proves  almost  immi^diately  fatal. 
III.  Crystallized  oxalic  acid  is  soluble  in  twice  its  weight 
of  water,  at  the  temperature  of  65*7^,  and  in  its  own  weight 
of  boiling  water.  The  solution,  when  concentrated,  has  a 
very  acrid  taste;  but  when  sufficiently  diluted,  it  becomes 
agreeably  sour.  Oxalic  acid  dissolves  in  hydrochloric  (mu- 
riatic) acid  without  decomposition.  It  is  partly  decomposed 
by  sulphuric  acid  when  assisted  by  heat,  and  a  portion  of 
charcoal  formed.  It  is  totally  decomposed  by  nitric  acid, 
being  converted  into  water  and  carbonic  acid. 
ProdueUof  IV.  The  Combinations  of  oxalic  acid  with  salifiable  bases 
iu  deeom-  are  called  oxalates.  When  these  salts,  in  a  dry  state,  arc 
£2^  exposed  to  a  red  heat,  their  acid  becomes  totally  decom- 
posed, and  its  constituents  recombine  so  as  to  form  five 
new  substances;  namely,  water,  carbonic  acid,  carbonic 
oxide,  bihydroguret  of  carbon  (carburetted  hydrogen)  and 
charcoal.  Hence  its  constituents  are  carbon,  hydrogen,  and 
oxygen. 
Its  eompo-  ^*  According  to  an  analysis,  performed  by  Gay-Lnssac 
liiign.  and  Thenard,  calculated  in  proportional  numbers,  which 
best  accord  with  the  atomic  theory,  oxalic  acid  is  com- 
posed of 

Carbon  12*05— -two  atoms,  very  nearly. 

Hydrogen        1  •20*— one  atom,  nearly. 
Oxygen         32*00— four  atoms. 
Supposing  this  acid  to  contain  exactly  the  number  of  atoms, 
which  appear  to  be  indicated  by  the  above  analysis,  then 
the  number  rep^senting  its  atom  would  be  45. 


^ 


Gha».  If. 

SECTION  VI.  ' 

OF  SORBIC*  ACID. 

I.  SoRBic  ACID  was  discovered^  in  1815,  by  Donovan,  Sorbi* tod; 
ib  the  expressed  juice  of  the  berries  of  the  mountain  ash  '^  ^"'^^ 
(pyrus  auiuparia).  Its  peculiar  nature  has  since  been  amply  ^ 
confirmed  by  Vauquclin  and  Braconnot. 

II.  The  outline  of  Donovan's  process  for  obtaining  thisPrepan^ 
acid  is  to  saturate  the  expressed  juice  of  the  berries  with  ^'"^ 
acetate  of  lead  (sugar  of  lead),  whereby  a  sorbate  of  lead 
becomes  formed.  This  sorbate  is  then  partially  decompos- 
ed by  sulphuric  acid,  and  the  lead,  contained  in  the  resulting 
Bupersorbate,  is  thrown  down  by  means  of  a  current  of  hy- 
drosulphuric  acid  (sulphuretted  hydrogen). 

III.  Sorbic  acid,  when  first  obtained,  is  a  liquid,  colour-  Iti  p>roper- 
less  and  inodorous,  and  possessing  an  intensely  sour  taste.  ^'^ 
When  evaporated  to  the  consistence  of  a  syrup,  it  forms  a 

mass  of  a  crystalline  structure,  which  still  contains  a  con- 
siderable quantity  of  water,  and  deliquesces  in  a  moist 
atmosphere.  With  acetate  of  lead,  it  gives  a  precipitate, 
white  and  flocculc nt  at  first,  but  afterwards  becoming  of  a 
crystalline  appearance.  By  the  action  of  nitric  acid,  it  is 
converted  into  oxalic  acid;  from  which  circuir stance  Vau- 
quelin  concludes,  that  it  bears  considerable  analogy  to  malic 
acid.  This  chemist  also  suggests  that  sorbic  acid,  being  co- 
lourless and  inodorous  and  possessing  an  agreeable  taste, 
might  be  employed,  in  medicine  and  the  arts,  as  a  substitute 
for  tartaric  and  citric  acids. 

IV.  According  to  an  analysis  performed  by  Vauquelin,  Compoak 
reduced  to  numbers,  which  best  accord  with  the  atomic  ^^; 
theory,  sorbic  acid  is  composed  of 

Carbon  11*76— two  atoms,  nearly. 

Hydrogen       7*00-— «even  atoms. 

Oxyeen         22*89— three  atoms,  most  nearly. 
Supposing  tnis  acid  to  contain  exactly  two  atoms  of  carbon. 
Bind  three  atoms  of  oxygen,  then  the  number  representing 
its  atom  would  be  43.f 


*  From  aorboB,  the  old  generic  Dame  of  the  plant  from  whieh  this  aeid  is  ob- 
tained. 

t  The  greater  part  of  the  faet%  contained  in  thaa  leetion,  are  taken  from 
abttracu  of  the  papers  of  Vauquelm  and  Braeonnot,  eoatained  in  the  Annals  of 
Fhilosopbj,  Vol.  XIL  (Oet.  1S18.}  p.  890.  et  seq. 
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SECTION  VII. 


OF  SUCCINIC*  ACID. 

GommoQ  nuat^  Soli  qJ  Amber, 

Sueeinie  I«  SUCCINIC  ACID   may  be  obtained  by  the  following 

*h**-  *lSr    process:  Fill  a  glass  retort^  half  full,  with  a  mixture  of  am- 
ber reduced  to  powder,  and  fine  sand.  The  object  of  the 
sand  is  to  prevent  the  amber  from  running  into  a  mass, 
when  exposed  to  heat*  Distil  the  mixture,  in  a  sand  bath,  at 
a  heat  gradually  increased*  A  substance  sublimes  in  the 
neck  of  the  retort.  This  substance  is  succinic  acid,  rendered 
.    impure  by  an  oily  substance,  called  oil  of  amber,  which  is 
also  a  product  of  the  distillation.  The  acid  may  bt*  obtained 
pure  by  dissolving  the  sublimate  in  water,  filtering  the  so- 
lution formed,  and  setting  it  aside  for  spontaneous  evapo- 
ration.   Crystals  will  form  in  the  solution,  which  consist  of 
succinic  acid. 
Fiimuhed       H*  Amber  is  the  only  substance,  which  is  known  to  yield 
by  amber    succinic  acid.  It  is  a  brown,  transparent,  inflammable  body, 
^^  ^'  susceptible  of  polish,  found  at  some  depth  in  the  earth,  and 

on  the  sea  coasts  of  several  countries.  It  had  long  been  known 
that  a  volatile  substance  could  be  obtained  from  it  by  dis- 
tillation; but  it  was  Boyle,  who  first  remarked  that  this  sub- 
stance had  acid  properties.  Its  chemical  nature,  however, 
was  first  ascertained  experimentally  by  Pott. 
Properties       HI*  Succinic  acid,  when  obtained  by  the  process  just 
of  succinic  given,  IS  in  the  form  of  transparent,  white,  shining  crystals, 
""  '  possessing  an  acid  taste.   It  is  capable  of  reddening  some 

vegetable  blues.  It  does  not  possess  corrosive  properties* 
At  the  heat  of  a  sand  bath,  it  melts  and  sublimes,  but  not 
without  suffering  a  partial  decomposition.  It  is  soluble  in 
either  sulphuric  or  nitric  acid,  without  decomposition.  Hy- 
drochloric (muriatic)  acid,  when  cold,  has  very  litde  effect 
upon  it.  It  dissolves  in  96  times  its  weight  of  water  at  the 
temperature  of  50^,  and  in  twice  its  weight  of  boiling  water* 
Its  combinations  with  salifiable  bases  are  called  succioatea* 
Its  oompo-  IV.  According  to  an  analysis,  performed  by  Berzelius, 
sitioB.  given  in  numbers,  which  best  accord  with  the  atomic  theory, 
succinic  acid  is  composed  of 

Carbon  24*0«-four  atoms. 

Hydrogen  2*2— >two  atoms,  nearly. 

Oxygen  24*0— three  atoms. 

*  Derired  from  the  Latin  word  wsammi^  amber. 
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Supposing  there  existed,  in  this  acid,  hydrogen  exactly  crip.  if. 
equivalent  to  two  atoms,  then  the  number  representing  an 
atom  of  succinic  acid  would  be  50. 

V»  Succinic  acid  is  never  used  in  medicine,  but  oil  of 
amber  is  sometimes  employed  as  an  antispasmodic. 


SECTION  VIII. 

OP  ACETIC^  ACID. 
(Radical  vinegar.) 

L  Acetic  acid  may  be  obtained  by  distilling  acetate  of  Aeetioaoid; 
copper  (verdigris)  at  a  heat,  gradually  increased  to  the  **°^  ®^^*'*" 
pomt  ot  redness.  A  liquid  is  driven  over  into  the  receiver, 
which  has  a  greenish  tinge,  owing  to  the  presence  of  copper. 
By  a  re -distillation,  the  copper  is  separated,  and  a  colour- 
less liquid  obtained,  which  constitutes  a  very  concentrated 
solution  of  acetic  acid. 

IL  It  may  be  obtained,  in  the  form  of  cry^stals,  by  distil- 
ling a  mixture  of  three  parts  of  acetate  of  potash,  and  four 
parts  of  sulphuric  acid.  A  liquid  is  driven  over  into  the 
receiver,  which  is  a  very  concentrated  solution  of  acetic 
acid,  mixed  with  a  portion  of  sulphuric  acid.  To  separate 
the  latter  acid,  distil  the  liquid,  off  acetate  of  barytes:  the 
sulphuric  acid  is  retained,  and  the  liquid,  which  comes  over, 
forms  crystals  of  pure  acetic  acid. 

Ill*  Acetic  acid  constitutes  the  basis  of  the  well  known  It  ja  the 
liquid  called  vinegar.  In  vinegar,  however,  it  is  largely  ^^J^^*" 
diluted  with  water,  and  mixed  with  bitartrate  of  potash 
(tartar),  a  portion  of  alcohol,  several  vegetable  acids,  colour- 
ing matter  and  a  portion  of  mucilage.  Vinegar  is  made  by 
exposing  wine,  beer,  or  similar  liquids  to  the  contact  of  the 
atmosphere,  at  a  temperature  at  least  as  high  as  80^,  mixed 
with  some  substance  to  act  as  a  ferment.  When  vinegar  is 
distilled,  it  loses  many  of  its  impurities,  and  takes  the 
name  of  distilled  vinegar,  or  acetous  acid.  Vinegar,  when 
thus  altered,  was  formerly  supposed  to  contain  an  acid,  dif- 
fering from  the  acetic  acid,  in  containing  less  oxygen;  and 
hence  it  got  the  name  of  acetous  acid.  But  it  has  been  as- 
certained that  there  is  no  other  difference,  between  acetous 
and  acetic  acid,  than  in  the  quantity  of  water  which  they  con- 
tain; the  acetous  acid  being,  in  fact,  acetic  acid,  diluted  to 
a  certain  extent.  Properly  speaking,  therefore,  acetous  acid 


*  Derived  from  acetum,  the  LaUn  word  tinfoifjing  Tincgar. 
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Book  I.   doM  uot  czist.  As  Vinegar  is  a  very  important  anbttance, 
DinMoniL  ^qjI,  Jq  ^j^.  ^rts  and  in  medicine,  it  may  be  proper  to  notice 

its  manufacture  and  properties. 
Boecw  1*  Boerhaave  gives  the  following  method  for  making  wine 

huvr^ioe-  vinegar:  Prepare  two  large  oaken  hogsheads,  with  a  wooden 
makiog^Ti-  B^^^^^  fastened  at  about  one  foot  from  their  bottoms.  Set  the 
nagur.        hogsheads  upright,  and>  after  having  placed  a  moderately 

close  layer  of  green  twigs  or  cuttings  of  vine  upon  the 

Sates,  fill  them  up  to  the  top  with  the  foot  stalks  of  grapes, 
le  wine,  to  be  converted  into  vinegar,  is  now  poured  into 
the  hogsheads,  so  as  to  fiU  one  of  them  to  the  top,  and  the 
other  half  full.  They  are  left  in  this  state  for  twenty-four 
hours;  at  the  end  of  which  time,  the  half  full  hogshead  is 
filled  to  the  brim^  from  the  full  hogshead.  This  operation 
is  repeated  every  twenty-four  hours,  so  as  to  keep  the  hogs- 
heads alternately  full  and  half  full,  for  fifteen  days  in  sum- 
mer, but  for  a  longer  time  in  winter.  This  mode  of  proceed- 
ing has  the  effect  of  suspending  the  fermentation,  in  one  of 
the  hogsheads,  every  other  day;  as  this  process  goes  on  in 
the  half  full  hogshead  only.  If  the  fermentation  was  not  in 
this  way  suspended,  it  would  proceed  too  rapidly,  and  the 
spirituous  part  of  the  vinegar,  be  dissipated. 
Sabffuwes  2*  Besides  wine,  the  infusion  of  malt,  cyder,  molasses, 
which  yield  the  refuse  of  raisins,  and  several  other  substances  may  be 
negET.  employed  to  produce  vinegar,  fhe  fermentation,  by  wnich 
liquids  are  converted  into  vinegar,  is  called  the  acetous,  it 
is  not  easy  to  discover  exactly  what  chemical  operations 
are  going  on  in  the  process.  It  appears  certain,  however, 
that  the  presence  of  mucilage  is  absolutely  necessary,  and 
that  oxygen  is  absorbed  from  the  air. 
Properties  3.  Vinegar  is  a  liquid  of  a  reddish  or  yellowish  colour, 
ofTioegar.  having  an  agreeable  odour  and  pleasant  sour  taste.  It  is 
very  liable  to  decomposition;  but  by  being  boiled  for  some 
time,  this  liabili^  is  removed.  It  is  very  little  heavier  than 
water. 

Propertiei  IV.  Acetic  acid,  obtained  by  the  first  process  given  in 
tM^  ^^  beginning  of  the  present  section,  is  in  the  form  of  a 
liquid,  of  an  extremely  pungent  and  acrid  taste.  It  is  very 
volatile,  and,  when  heated  in  the  open  air,  takes  fire  rea* 
dily.  It  acts  with  considerable  energy  upon  animal  sub- 
stances. When  applied  to  the  skin,  it  reddens  and  corrodes 
this  membrane  in  a  very  short  time.  It  combines  with 
water  in  every  proportion,  and  the  union  is  attended  by  the 
evolution  of  a  good  deal  of  heat.  Its  specific  gravity  varies 
with  the  quantity  of  water  which  it  may  contain.  It  is  1*08 
or  a  maximum,  when  the  acid  contains  somewhat  more 
than  half  its  weight  of  water,  and  it  diminishes  if  the  acid 
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eontam  more  or  less  Ami  thiB  qaairtiQr.  When  the  tfeid  h  tiviy.  ft. 
passed  through  a  n;d**hot  porcelam  tube,-  it  is  partiaUy  dte<^  *"^ 
composed;  and  if  the  tube  be  filled  with  chatcoad^  ie  is  com- 
pletely resolved  into  its  constituentaw  Its  combinatioAs  with 
safifiable  bases  are  caHed  acetates.  These  salts;  when  dts*-  lu  mIu 
tilled  with" certain  precautions,  jrield  a  peculraf  inflammable  'rif "thOT" 
liquid,  which  has  been  called  pyro-acetic  spiriu  This  liquid  duUiied. 
will  be  noticed  in  the  following  paragraphs. 

1.  Pyro*acetic  spirit  may  be  obtained  by  distilling  an  P^rro^oede 
acetate,  at  a  heat  always  kept  as  low  as  possible.  It  is  en-  gjjjj^''®^ 
actly  the  same,  whatever  acetate  maybe  employed.  Dif- 
ferent acetates,  however,  yield  it  in  different  quantities. 
Those  acetates,  whose  bases  are  least  easily  deoxidized, 

yield  the  most.  The  acetates'  of  soda  and  of  potash  yield  a 
considerable  portion  of  the  spirit,  and  the  acetate  of  barytes 
produces  the  spirit  entirely,  and  no  acetic  acid.  The  pyro- 
acetic  spirit  was  discovered  by  Chenevtx. 

2.  pyro-acetic  spirit  is  in  the  fomv  of  a  white  limpid  ^t*  propevr 
liquid.  Its  taste  is  at  first  acrid  and  hot,  but  afterwards  it  ^^* 
becomes  cooling,  and,  in  some  sort,  urinous.  Its  smell  is 
peculiar,  and  may  be  compared  with  that  which  would  be 
produced  by  a  mixture  of  oil  of  peppermint  and  bitter  al- 
monds. It  is  somewhat  more  than  diree  fourths  as  heavy  Spee.  my. 
as  water.  Its  boiling  point  is  at  the  temperature  of  165^.      ^'^'* 
It  is  inflammable,  and  bums  with  a  flame,  white  exteriorly, 

but  of  a  fine  blue  colour  within,  leaving  no  residue. 

3.  Pyro-acetic  spirit  combines  with  water,  alcohol,  or  the  Aetion  of 
volatile  oils  in  any  proportion.  It  dissolves  a  small  portion  ^'ibaliSJlLt 
of  phosphorus  or  avdphur^  and  is  an  excellent  solvent  ofoponit. 
camphor.  It  dissolves  potash  also,  and  forms  a  dark  co- 
loured liquid,  from  which  the  spirit  may  be  separated  by 
distillation  unaltered.  It  is  decomposed  by  sulphuric  acid, 
which  developes  charcoal.  It  is  altered  in  its  properties  by 

nitric  acid,  and  its  colour  changed  to  yellow.  It  is  rendered 
brown  by  hydrochloric  (muriatic)  acird,  and  by  distillation 
may  be  made  to  combine  with  thiB  acid,  forming  a  very 
different  compound  from  hydrochloric  ether.  The  exact 
composition  of  the  pyro-acetic  spirit  is  not  known.— The 

consideration  of  the  acetic  acid  will  now  be  resumed. 

■ 

V.  According  to  an  analysis,  performed  by  Berzelius,  Compoii- 
reduced  to  numbersi,  which  best  accord  with  the  atomic  [|^^|,^**'' 
theory,  aceuc  acid  ia  composed  of 

Carbon  24*0— four  atoms. • 

Hydrogen  S'2— three  atoms,  nearly. 

Oxygen  24'0 — ^three  atoms. 

Supposing  this  acid  actually  composed'  of  the  numberof 
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BookL  atoms,  which  appear  to  be  indicated  by  the  above  analysis, 
DiirUioo  II.  ^gp  ijjg  number  representing  its  atom  would  be  51. 

VI«  Acetic  acid  has  several  uses  in  medicine.  In  a  dilute 
state,  contaming  certain  foreign  substances,  in  the  form  of 
vinegar,  it  is  used  in  scurvy,  and  for  the  purpose  of  coun- 
teracting the  eflfccts  of  narcotic  poisons.  In  the  form  of 
vinegar  also,  when  mixed  with  water,  it  furnishes  a  very 
proper  drink  in  inflammatory  fevers,  and  its  vapour  may 
be  inhaled  with  advantage  in  sore  throat.  Externally  appli- 
ed, it  forms  a  very  useful  fomentation  or  bath. 

Several  medicines  are  infused  in  vinegar,  which  infusions 
constitute  what  are  called  medicated  vinegars.  Of  this  class 
of  remedies,  there  are  the  following  officinal  preparations; 
namely,  aromatic  vinegar  or  the  vinegar  of  four  thieves;  it 
contains,  infused,,  several  aromatic  vegetables,  and  formerly 
possessed  considerable  celebrity  as  a  preventive  of  the 
plague.  Also  vinegar  of  colchicum  or  meadow-saffron, 
vinegar  of  squills,  and  camphorated  vinegar.  Tlie  three 
last  mentioned  medicated  vinegars  contain  proof  spirit  also. 

Acetic  acid,  in  its  pure  state,  is  a  pretty  powerful  stimu- 
lant and  rubefacient.  In  this  state,  it  is  employed  in  faint- 
ing, hysteria,  headache  and  similar  affections.  The  manner 
of  using  it,  is  to  snuff  it  up  the  nostrils. 
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OF  TARTARIC*  ACID. 

I.  Tartaric  aqid  may  be  obtained  by  the  following  pro- 
cess: Dissolve  bitartrate  of  potash  (tartar)  in  boiling  water, 
and  add  to  the  solution  formed,  carbonate  of  lime  (chalk) 
in  powder,  as  long  as  any  effervescence  should  occur,  or 
the  solution  redden  vegetable  blues.  The  lime  of  the  car- 
bonate combines  with  the  excess  of  acid  in  the  bitartrate, 
so  as  to  form  tartrate  of  lime  which  is  insoluble,  while  its 
carbonic  acid  is  set  free,  and  causes  the  effervescence  above 
alluded  to.  After  the  chemical  action  is  over,  the  resulting 
substances  are  tartrate  of  lime  and  neutral  tartrate  of  potash. 
Separate  the  tartrate  of  lime  by  the  filter,  and  pour  upon  it 
as  much  diluted  sulphuric  acid,  as  had  at  first  been  em- 
ployed of  carbonate  of  lime,  and  let  the  mixture  stand  for 
twenty-four  hours,  stirring  it  occasionally.  The  sulphuric 
acid  decomposes  the  tartrate,  and  combines  with  its  base, 


*  Fram  tartar  tke  name  of  the  snbstanee,  from  whieh  the  acid  is  obtained. 
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80  as  to  form  insoluble  sulphate  of  lime,  which  falls  to  the  Crap.ii. 
bottom  of  the  vessel,  while  the  tartaric  acid  remains  in  solu- 
tion.  Decant  the  solution  of  tartaric  acid,  and  evaporate  it 
slowly.  Crystals  will  be  deposited  which  consist  of  tartaric 
acid  in  a  state  of  hydrate. 

11.  Tartaric  acid  exists  ready  formed,  in  combination  Soaraet  in 
with  potash,  in  the  lees  of  wine,  and  in   the  substance  "*^'^>  ^ 
which  is  found  incrusted  upon  the  bottom  and  sides  ofjudiMo- 
wine  casks.   This  substance  is  called  tartar.    It  had  been  ''^nr* 
proved  by  Duhamel,  Margraff  and  Rouelle,  that  tartar  is 
composed  of  an  acid  united  to  potash;  but  the  nature  of  the 
acid  was  altogether  unknown.    In  17T0,  Scheele  succeeded 
in  obtaining  the  acid  of  tartar  in  a  separate  state,  and 
described  many  of  its  properties.  It  is  this  acid,  under  the 
name  of  tartaric  acid,  which  furnishes  the  subject  of  the 
present  section. 

IIL  Tartaric  acid  is  in  the  form  of  crystals,  white,  firm,  Properties 
and  but  imperfectly  transparent.   Its  taste  is  exceedingly  ^i^'*^'''^ 
sour.   It  is  not  altered  by  exposure  to  air.    It  is  somewhat  g^  ^^^ 
more  than  one  and  a  half  times  as  heavy  as  water.   When      ift9. 
exposed  to  a  heat,  a  few  degrees  above  the  boiling  point,  it 
melts  into  a  limpid,  transparent  liquid,  like  water.   At  the 
temperature  of  250*^,  it  boils,  without  losing  its  transparency. 
On  cooling,  it  concretes  into  a  hard  semi-transparent  mas^ 
having  considerable  resemblance  to  sugar,  which  has  been 
exposed  to  the  same  temperature.  By  wis  exposure  to  heat, 
the  acid  is  altered  in  its  properties,  for  it  now  deliquesces 
in  the  atmosphere.  It  dissolves  in  water.  When  the  solution 
is  very  dilute,  the  acid  suffers  decomposition.  It  combines 
with  the  greater  number  of  the  salifiable  bases  in  two  pro- 
portions. Its  salts  are  called  tartrates.  When  these  salts  are 
distilled  at  a  sufficiently  strong  heat,  the  acid  is  decompos- 
ed, so  as  to  form  water,  carbonic  acid,bihydroguret  of  car- 
bon (carburetted  hydrogen),  oil  and  charcoal.   Hence,  it  is 
evident  that  its   constituents  are  carbon,  hydrogen  and 
oxygen. 

IV.  According  to  an  analysis,  performed  by  Berzelius,  Compou- 
calculated  in  proportional  numbers,  which  best  agree  with  f?V^!^' 
the  atomic  theory,  tartaric  acid  is  composed  of 

Carbon  24*l-«ifour  atoms,  nearly. 

Hydrogen  S*6-» 

Oxygen  40*0— -five  atoms. 

Supposing  this  acid  to  contain  three  atoms  of  hydrogen, 
and  exactly  four  atoms  of  carbon,  then  the  number  repre- 
senting its  atom  would  be  67. 

V.  Tartaric  acid,  in  its  pure  state,  is  not  an  article  .of  tto^ 
materia  medica;  but  combined  with  certain  salifiable  bases, 
it  forms  some  very  important  saline  medicines,  to  be  de- 
scribed hereafter. 
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OF  BEVMiC"  ACID. 

(Formerly  oalledy  nwer9  pf  BenxmtL^Sali  p/Benxtin,) 

h  Benzoic  a^io  may  be  obtained  by  digesting  benzoin 
in  siilpburic  acid.  A  crystallized  substance  is  sublimed, 
wbueh  is  benzoic  acid. 

Up  Benzoin  is  the  product  of  a  tree^  which  grows  in  the 
island  of  Sumatra,  called  by  the  botanists,  styrax  benzoe.  It 
ii  not,  hoivever,  tfa^  only  substance  which  yields  benz<Mc 
acid.  Several  other  substances,  both  animal  and  vegetable, 
have  been  found  to  furnish  it  also. 

III.  Benzoic  acid  is  a  fine  light  white  powder,  possessing 
a  kind  of  ductility.  Its  taste  is  sweet,  hot,  and  somewhat 
bitter.  As  usually  prepared,  it  possesses  a  slight  odour, 
which  is  peculiar  and  aromatic,  and  which  it  owes  to  the 
presence  of  a  little  aromatic  oil;  but,  when  perfectly  pure, 
it  has  no  smell.  It  suffers  no  alteration  by  exposure  to  air. 
)t  changes  some  vegetable  blues  to  a  red  colour.  It  dis- 
9Plvea  in  SIQO  parts  of  cold  water,  and  in  201  parts  of  boil* 
ing  water.  It  dissolves  in  sulphuric,  sulphurous  and  nitric 
%cids  without  alteration;  and  when  water  is  added  to  the 
solutions,  the  benzoic  acid  separates  and  coagulates  on  the 
^urlace*  It  is  not  dissolved,  however,  by  chlorine,  hydro- 
chloric acid  or  phosphoric  acid.  Its  combinations  with 
salifiable  basea  are  called  benzoates. 

IV.  According  to  an  analysis  by  Berzeliua,  jreduced  to 
numbers,  which  best  accord  with  the  atomic  theory,  benzoic 
acid  is  composed  of 

Carbon  d9->v«>five  atoms,  nearly. 

Hydrogen  2-«»two  atoms. 

Oxygen  8^r-ione  atom. 

If  this  acid  contained  exactlv  five  atoms  of  carbon,  then  the 
number  representing  its  atom  would  be  40. 

V.  At  the  present  day,  benzoic  acid  is  seldom  prescribed 
alone  in  medicine.  It  is,  however,  an  ingredient  in  the  pa- 
regoric elixirs  of  the  British  colleges.  There  is  no  reason 
to  believe  that  the  acid,  by  its  presence  in  these  prepara* 
tions,  adds  much  to  their  efficacy;  but,  having  an  agreeable 
taste  and  smell,  it  rendeia  them  less  unpleasant  for  exhibi* 
tioQ. 


*  OeriTcd  from  benzoin,  t  kind  of  renn  brought  fhun  the  fiast  In^ieiylrOM 
tAkh  MbtUaeo  tho  acid  «m  fiftt  * '  ' 
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SECTION  XL 

OF  SACLACTIC'  ACID. 

Jidd  i/the  Si^ar  rfMUk  of  SehMla. 

I«  Saclactic  acid  mty  be  obtained  by  the  following  SMbeti» 
process:  Pour  two  parts  of  nitric  acid  upon  one  part  of  J^»*J^^'^ 
gum  arable,  or  other  similar  gum,  contained  in  a  retort, 
and  expose  the  mixture  to  a  gentle  heat,  until  some  deu* 
toxide  of  azote  (nitrous  gas)  and  carbonic  acid  come  over. 
The  mixture,  upon  cooling,  drposites  a  powder,  which  may 
be  separated  by  the  filter.  This  powder  is  saclactic  acid, 
rendered  impure  by  admixture  of  a  portion  of  oxalate  of 
lime,  and  a  compound  of  gum  and  lime.  The  oxalate  of 
lime  may  be  separated  by  digesting  the  powder  in  diluted 
nitric  acid;  and  the  compound  of  gum  and  lime,  by  treating 
it  with  hot  water,  uhich  takes  up  the  acid  alone.  The  hot 
solution  thus  obtained,  upon  cooling,  deposites  saclactic 
acid  in  the  form  of  crystals* 

II.  Saclactic  acid  may  be  prepared  from  sugar  of  milk.f 
IVhen  this  substance  is  employed  for  its  preparation,  it  is 
obtained  pure,  at  once,  by  the  action  of  nitric  acid»  Sadac-* 
dc  acid  was  discovered,  in  ITSO,  by  Scheele. 

III.  Saclactic  acid  is  a  white,  gritty  powder,  possessing luproper- 
a  slightly  sour  taste.  It  is  soluble  in  60  parts  of  boiling  ^^** 
water.  Ine  hot  solution,  as  it  cools,  lets  fall  the  acid  in  the 

form  of  crystals.  When  in  solution,  it  reddens  the  infusion 
of  tumsol.  When  exposed  to  heat,  it  suffers  decomposition. 
When  distilled,  the  products  are  an  acid  liquor,  a  red-co- 
loured acrid  oil,  carbonic  acid  gas,  bihydroguret  of  carbon, 
and  a  large  proportion  of  charcoal.  Its  combinations  with 
salifiable  bases  are  called  saclactates. 

IV.  According  to  an  analysis  by  Berzelius,  calculated  in  Compoti- 
numbers,  which  best  agree  with  the  atomic  theory,  this^*^"* 
acid  is  composed  of 

Carbon  d4*S*-Bix  atoms^  most  nearly. 

Hydrogen  5*3— five  atoms,  nearly. 

Oxygen  64*0-«.eight  atoms* 

Supposing  this  acid  to  contain  exactly  six  atoms  of  carbon 
and  five  atoms  of  hydrogen,  then  the  number  representing  " 
its  atom  would  be  105. 


t  *  Abbre^ttd  of  the  twoLfltia  words,  Miccftanm,  mfir,  and  &ir,  milk;  be- 
cause the  add  was  firat  obtaioed  from  the  rabstanee  ealled  sugar  of  m9k. 

f  Sagnr  of  milk  is  a  peealiar  white  erjstalUxed  substanee,  obtained  frem  the 
whcy.tf'inUk^  to  be  daseribcd  heratfter. 
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OF  CITRIC^  ACID. 
CrsfttaOiMd  Citric  Jicid  of  the  Dablin  Collage. 

Citric  acid;  I,  CiTRic  ACID  may  be  obtained  by  saturating  boiling 
^^^^*****"' lemon  juice  with  carbonate  of  lime  (chalk)  in  powder:  the 
carbonate  becomes  decomposed,  its  acid  flies  oflP  in  the  state 
of  gas,  while  its  base  combines  with  the  pure  acid  of  the 
lemon  juice,  so  as  to  form  the  compound  called  citrate  of 
lime*  Separate  the  citrate  of  lime  by  the  filter,  and,  after 
having  washed  it  well,  add  to  it  sulphuric  acid  diluted 
with  six  times  its  weight  of  water,  in  sufficit;nt  amount  to 
separate  all  the  lime.  Boil  the  mixture,  thus  formed,  for  a 
few  minutes,  and  then  separate  the  insoluble  powder,  which 
will  be  formed,  and  which  consists  of  sulphate  of  lime*  The 
remaining  liquid  is  now  a  solution  of  citric  acid.  By  eva- 
porating it  to  the  consistence  of  a  syrup,  and  setting  it 
aside  to  cool,  the  acid  will  be  deposited  in  the  form  of 
crystals. 

II.  Citric  acid  exists  most  abundantly  in  the  juice  of 
oranges  and  lemons;  but  it  is  present  in  tne  juices  of  many 
other  vegetable  substances.  It  was  first  obtained  in  a, pure 
state,  and  described  accurately,  by  Scheele. 
Its  proper-     III.  Citric  acid,  in  the  form  of  crystals,  has  an  intensely 
^^  sour  taste,  which  becomes  pleasant,  when  it  is  sufficiendy 

diluted  with  water.  It  is  not  altered  by  exposure  to  air.  It 
is  exceedingly  soluble  in  water.  It  dissolves  in  three-fourths 
of  its  weight  of  cold  water,  and  in  half  its  weight  of  this 
liquid  at  the  boiling  temperature.  The  solution  may  be 
kept  for  a  long  time,  in  close  vessels;  but  at  last  it  putrefies 
and  the  acid  is  decomposed.  When  the  acid  is  subjected  to 
the  action  of  concentrated  sulphuric  acid,  it  is  converted 
into  acetic  acid.  By  nitric  acid,  it  is  changed  into  oxalic 
acid;  but,  to  produce  this  change,  care  must  be  taken  not 
to  use  too  large  a  quantity  of  nitric  acid,  otherwise  acetic 
acid  would  be  formed.  When  exposed  to  the  open  fire,  it 
first  melts,  then  swells  and  exhales  an  acrid  vapour,  and  a 
quantity  of  charcoal  is  left  behind.  When  distilled,  in  close 
vessels,  it  evaporates,  partly  imaltered,  and  partly  decom- 
posed into  acetic  and  carbonic  acids  and  bihydroguret  of 
carbon  (carburetted  hydrogen),  and  a  portion  of  charcoal  is 
left  behind.  Its  combinaUons  with  salifiable  bases  are  called 
citrates. 


*  Fram  citnu,  the  Latin  name  for  the  oraoga  tree. 
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IV*  According  to  an  analysis  by  Berzelius,  calculated   Cbaf.ii. 
in  numbers,  which  best  accord  with  the  atoinic  theory,  componi- 
citric  acid  is  composed  of  tioii. 

Carbon  42«2-^seven  atoms,  nearly. 

Hydrogen  3*9-»four  atoms,  nearly. 

Oxygen  56*0— ^even  atoms* 

Upon  the  supposition  that  this  acid  contains  exactly  the 
number  of  atoms,  which  appear  to  be  indicated  by  the  above 
analysis,  then  the  weight  of  its  atom  would  be  102. 

V.  Citric  acid  forms  the  important  part  of  the  acid  MediMi 
drinks,  made  from  the  juice  of  lemons  and  limes,  which  ^**' 
are  so  usefully  employed  in  inflammatory  fevers*  In  the 
form  of  crystals,  as  directed  to  be  prepared  by  the  Dublin 
College,  it  is  not  liable  to  spoil,  as  when  in  the  form  of 
lemon  juice;  hence  it  is  the  best  preparation  of  the  acid  for 
medical  employment. 

* 
Of  the  acids,  composed  of  carbon,  hydrogen  and  oxy- 
gen, belonging  to  the  present  class,  the  ten  already  described 
arc  the  only  ones,  which  have  been  analyzed  with  tolerable 
accuracy*  The  atomic  composition  of  these  acids  b  reca-  T«bl«  of 

'•  •       •      *  "       •  •  -  Uie  fitomi* 

eompofti- 
tioQofUie 
tenaeids 
laBt  dei- 
•ribed. 


pitulated  in  the  following  table. 


NAMES. 

AToi!^^  (}^         1 

CariKiD 

HjUro- 

Ozyfen* 

Gallic  acid* 

2 

1 

1 

Formic  acid* 

2 

1 

3 

Oxalic  acid* 

2 

1 

4 

Sorbic  acid. 

2 

7 

3 

Succinic  acid* 

4 

2 

3 

Acetic  acid. 

4 

3 

3 

Tartaric  acid* 

4 

3 

5 

Benzoic  acid* 

5 

2 

1 

Saclactic  acid* 

6 

5 

8 

Citric  acid. 

7 

4 

7 

By  multiplying  the  atoms  of  carbon  by  6,  and  those  of 
oxygen  by  8,  the  products  will  be  the  proportional  quanti- 
ties of  these  two  constituents,  in  the  acids  above  enumera- 
ted. The  atom  of  hydrogen  being  taken  at  unity,  the  pro- 
portional quantity  of  this  constituent  is  indicated  by  the 
number  of  atoms  themselves* 

The  atomic  composition  of  some  of  these  acids,  as  given  VariatioM 
by  Dr*  Thomson,*  has  not  been  followed  in  this  work*^*^^ 


*  Sorfaio  add  haa  been  plaeed  among  the  aeida  of  this  olaM,  whoie  eooipodiion 
is  knowDy  since  the  above  was  written.  Its  atomie  eomposition  is  deduced  from 
a  reeeat  analysis  bj  V«iiqaelin. 
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Book  I.    The  alomic  composition  off  the  oxalic  acid  is  deduced  firom 
Dimion  IL  ^n  analysis  given  by  Gay-LussaCy  rather  than  from  one 
TbooMoii't  made  by  Bcrzelius,  which  cannot  be  employed  willioiit 
of  th^ato^  creating  the  anomaly  of  »  fractional  atom  of  hydrogen,  or 
mieeom-    deducing  a  disproportional  atomic  amount  for  the  other 
poMtHM  of  constituents  of  this  acid.  The  atomic  composition  of  citric 
th^te  aeidi»  ^^^^  i^  given  differently  from  Dr  ThooMon;  because  the 
notiMd,      hydrogen  of  the  acid  is  given  by  this  chemist  theoretically, 
g^uDcft  of  ^^^  ^^^  ^^  accordance  with  actual  anidy sis*  Dr.  Thomson 
them  ex^    gives  the  gallic  acid,  as  composed  of  six  atoms  of  carbon, 
plaited,     three  atoms  of  hydrogen,  and  three  atoms  of  oxygen;  which 
composition,  if  I  understand  the  aioomic  theory  right,  in 
nowise  differs  from  two  atoms  of  carbon,  one  atom  of  hy- 
drogen and  one  atom  of  oxygen,  or  Dr.  Thomson's  num- 
bers, reduced  to  their  lowest  tenna«  For  a  similar  reason, 
benzoic  acid  is  given  as  a  compound  of  five  atoms  of  car- 
bon, two  atoms  of  hydrogen;  and  one  atom  of  oxygen, 
instead  of  Dr.  Thomson's  numbers  of  fifteen  atoms  of  car- 
bon,, six  atoms  of  hydrogen  and  three  atoms  of  oxygen. 

By  possibility,  indeed,  two  ttrmary  compounds  of  the 
same  ultimate  constituents^  united  in^the  same  proportions, 
may  not  be  identical,  in  consequence  of  some  variation, 
between  them,  in  the  predisposing  binary  combinations  of 
their  constituents:  and,,  taking  this  view  of  the  subject.  Dr. 
Thomson's  atomic  compositions  for  citric  and  benzoic 
acids  mzy  differ  from  those  here  adopted.  But,  however 
this  question  may  be  decided  in  the  abstract,  it  is  believed 
that  no  instance  can  be  adduced  of  two  substances,  agree- 
ingin  the  way  here  mentioned,  which  are  not  identical. 

The  atomic  compositions  of  the  ten  acids,  last  described, 
have  not  been  given,  under  the  influence  of  a  belief  that . 
much  dependence  can  be  placed  upon  their  accuracy;  but 
as  approximations  only,  which  may  be  received,  until  cor- 
rected by  more  exact  observations. 
Bxpiana-        Three  atoms  of  different  bodies  cannot  be  conceived  to 
nuuiBerUi  unite  together  as  atoms.  Twaof  them  must  first  combine 
which  the  together^  and  the  new  atom,  thus  formed^  may  then  obm- 
atomtof     bine  with  the  third.  Neither  can  an  unequal  number  of 
oomp^Dda  atoms  of  three  different  substances  unite  together,  without 
may  oom*  the  supposition  being  necessary  of  a  previous  binary  com- 
^^^         bination.  The  atoms  of  two  of  the  substances,  after  having 
combined   together,   may  then   unite  with   the   atoms  of 
the  third:  or  the  atoms  of  any  two  of  the  substances  may 
separately  combine  with  atomic  portions  of  the  third,  and 
the  two  binary  compounds,  thereby  formed,  may  afterwards  ' 
unite;  hut  in  no  other  way,  in  the  case  here  supposed,  is  it 
probable  that  a  union  can  take  placrby  atoms*  Igniting  this 
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view  of  the  subject,  therefore,  it  is  very  probable  that  all  Chai.  n. 
the  acids  of  this  class,  except  the  two  first,  are  compounds,       ' 
in  different  proportions,  of  carbonic  oxide  or  carbonic  acid, 
with  the  two  hydrogurets  of  carbon,  modified  by  the  pre- 
sence of  diflerent  portions  of  water. 

The  description  of  the  remaining  acids,  embraced  by  the 
fifth  class,  will  now  be  resumed. 


SECTION  XIIL 

OP  MELUTIC*  ACID. 

I.  Mellitic  acid  may  be  obtained  by  boiling  the  mineral  Memtk 
oatted  mellite,  which  is  composed  of  this  acid  and  alumina,  ^^^J^* 
in  a  state  of  powder,  in  seventy-two'  times  its  weight  of 
boiling  water.  Th^  mellitic  acid  dissolves  in  the  water  and 
the  alumhia  separates  in  flakes.  Remove  the  alumina  by 
the  filter,  and  evaporate  the  clear  solution,  until  it  form 
crystals.  These  crystals  will  consist  of  mellitic  acid. 

IL  Mellitic  acid  has  heretofore  been  found  only  in  the  Exittt  only 
mineral  called  mellite.  This  mineral  has  usually  a  honey-  ^  '^^^' 
yellow  colour,  but  sometimes  a  straw*colour.  It  is  crystal- 
lized, generally  smooth  and  brilliant,  and  presents,  when 
broken,  the  glassy  fracture.  It  has  some  resemblance  to 
amber.  It  is  partly  combustible.  It  is  an  exceedingly  rare 
mineral,  having  been  heretofore  found  only  in  Thuringia 
and  Switzerland.  It  was  first  analyzed,  and  a  peculiar  acid 
found  to  be  one  of  its  constituents,  by  Klaproth  in  1 799. 

III.  Mellitic  acid,  in  the  form  of  crystals,  has  a  brownish  Iti  ^wgtrr 
colour,  and  a  taste,  at  first  sweetish -sour^  but  afterwards  ^'^* 
bitterish.  It  is  very  soluble  in  water.  When  exposed  to  heat, 
it  emits  abundance  of  smoke,  without  smell,  and  the  residue 
is  a  small  quantity  of  insipid  ashes.  It  combines  with  some 
of  the  salifiable  bases,  and  forms  salts  called  nfiellates.  Its 
exact  composition  has  not  been  made  out;  but  there  is  no 
doubt  that  it  is  a  compound  of  carbon,  hydrogen  and  oxy- 

*  Tkb  ftdd  has  its  name  from  the  mmeral  called  loellite.  The  name  of  this 
mineral  li  deriTed  from  mei,  Latin  for  honey,  oo  account  etf  its  bonef-yellow  co- 
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"^''°""-  SECTION  XIV. 

OF  CAMPHORIC  ACID. 

ft 

Camphorie      I.  Campkorig  ACID  mzf  be  obtained  by  distiUiiig  to- 

obuin(2r  8^^^^^9  ^^^  P^^^  ^^  camphor,  and  eight  parts  of  nitric  acid^ 
at  a  sand  heat:  a  good  deal  of  deutoxide  of  azote  (nitrous 
gas)  and  carbonic  acid  are  extricated.  As  soon  as  all  the 
nitric  acid  has  come  over,  the  same  quantity,  as  first  em- 
ployed, is  to  be  distilled  off  the  camphor,  at  two  successive 
distillations.  Alter  the  retort  has  become  cool,  a  number  of 
cr}'stals  will  make  their  appearance*  These  crystals  consist 
of  camphoric  acid.  This  acid  was  discovered  by  Kosegarten, 
in  17  SS. 

lu  proper-  IL  CaidphoTic  acid,  in  the  form  of  crystals,  has  ft  snow- 
white  colour,  a  slighdy  soar,  bitter  taste,  and  a  smell  re- 
sembling that  of  saffron*  It  raddens  vegeuble  bloes.  When 
exposed  to  the  air^  it  efflorcaces*  It  dissolves  in  ninety-six 
parts  of  water,  at  die  temperature  of  60P,  and  in  eleven  parts 
of  boiling  water*  It  is  soluble  in  hydtocUoric,  sulphuric  and 
nitric  acids.  When  distilled,  it^mt  nidts,  and  Aesk  aublimea 
unidtered*  W4ien  placed  on  ignited  coals,  it  emits  dense 
aromatic  fumes,  and  is  entirely  dissipated.  It  combines  with 
some  of  the  salifiable  bases,  and  forms  salts  caUed  campho- 
rates.  Its  constituents  are  carbon,  hydrogen  and  oxygen. 
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SECTION  XV. 

OP  MALtC*  ACID. 

MaUo  aeidi  I*  Malic  ACID,  mi^  be  obtained  by  the  following  fro- 
how  obtain,  cess:  Saturate  the  juice'  of  apples  with  carbonate  of  poiash, 
^'  and,  to  die  liquid  obtamed,  add  acetate  of  lead  (augfur  of 

lead)  as  long  as  any  precipitate  should  appear:  the  precipi- 
tate formed  will  be  a  compound  of  malic  acid  and  protoxide 
of  lead.  Separate  it  by  the  filter,  and,  after  having  washed 
it  carefully,  pour  upon  it,  diluted  sulphuric  acid,  until  the 
solution  formed  has  a  perceptibly  sour  taste:  the  added  acid 
will  combine  with  die  protoxide  of  lead,  and  precipitate  in 
the  form  of  sulphate  of  lead.  After  this  sulphate  is  removed 
by  the  filter,  the  remaining  liquid  will  be  a  solution  of  malic 
acid. 

*  From  malum,  the  Latin  trord  for  apple;  beeaase  the  malie  add  wai  first  oV 
taioed  from  the  juice  of  this  fruit. 


hkerm  ACID.  ^j^ 

be&idw  the.  juWe  of  ^^^filkft*  It;  «xist»  ia  aboodaoce  in  the snbtuooeB 
juice  of  ibe  hoMeilo^k  (sfwnperv],?ttin  tectorum);  ia  which  ^.^oh  fur- ; 
jilanl,  it  iatCQinbiped  with  Ume.  Il  may  be  procured  from,™'  ^^ 
M^iVt  )^  dUfiillatioa  wi^ >#  Qwn  weight  of  nitcic  acid.  It 

UL  Liquid  4Mlic,4cid  has  a  reddisb^MPwh  colour^  aQ4  itsproper- 
A  very  aour  lMie«^  WJlUa evaporator irdoda^qf^.^ryimUi?^^^*- 
but  becomt^  lUi(dt.Md..vi»cV,  saafi^Ung  a«yr^  Wb^il 
exposed  to  a  4a^  atm^Al^re,  ini  thi^  %(^^  it  drifef  ^Qtiref 
Ijf^  and  aaamnte  th^tapptanan^ftof  yafn^sh^JU  ia  yeiy  soluble 
M  watts*  Wbvii  aCIMk  upon  by  aulphuriQiaoidt  it  is  char? ed| 
but  by  nitric  acid«  it  is  converted  iQU).<x»^|f  acid»«'!VVb«i^ 
subjected  to  distillation,  the  products  are  an  acid  water,  a 
litde  bihydroguret  of  carbon,  and  a  large  quantity  of  carbonic 
acid.  When  heated  in  the  open  fire,  it  turns  black,  and 
emits  acrid  fumes,  auijl  a  voluminous  charcoal  is  left  behind. 
Hence  it  is  evident  tbaC  this  acid^is  a  compound  of  carbon, 
hydrogen  and  oxygen*  Its  combioati^^  with  salifiable  bases 
are  called  malates. 


r  '. 


....  ..  J; 

SECTION  Xvr.  '■  '•-  ; 

ev  liACtic*  Ada 


■ 

I*  Lactic  acid  may  be  obtained  by  the  following  pro-Lactieaoid; 
cess:  Evaporate  sour- whey  to  oivt-eighth,  and  separate  the^J^^^^'^' 
cheesy  part  by  the  filter.  Precipitate  the  phosphate  of  lime, 
present  in  th4  reimtiping  liquid,  by  mea«s  of  lime  water. 
Separate  any  lime,  which  may  haye  been  dissolved,  by 
means  of  oxalic  acid*  -Evaporate  the  liquid,  as  it  now  stands, 
to  the  consistency  of  hooey,  and  treait  it  with  alcohol:  This 
liquid  dissolves  the  lactic  acid  alone^  and  leaves  every  thing 
else  uotouch^^d.  To  the  alcoholic  solutiot^  of  the  acid,  add  a 
amall  quantity  of  watjsr,  and  distil  with  a  moderate  heat: 
(he  alcohol  is  driven  over,  so  that  nothing  remfiina  in  the 
retort  but  a  solution  of  lactic  acid  in,  water* 

II«  Lactic  acid  was  discovered,  in  17M,  .by  Scheele,  Ita 
existence  was  afterwards  doubted,  and  several  chemists 
supposed  that  they  had  proved  it  to  b^  acetic  acid,  con^ 
laminated  with  some  foreign  matters.  In  1808,  Berzelius 
subjected  the  acid  to  a  thorough  investigation,  which  termi- 
nated in  completely  establishing  its  peculiar  nature. 

*  From  lac,  the  Utin  word  signifying  milk;  St  belog  (his  liquid  from  vhicb 
laet'it  Mid  ts  proeared. 


968  ACtOB. 


Bonxt       III*  Ltfetie  sciil  is  in  the  form  of-  afiquid^  hayiiig  a 

Divtrionll.  brownish-yeliow  colour,  and  a  shaq)  sour  UMte.   It  h*s  no 

Its  proper-  smell  when  cold,  but  when  heated,  it  emits  a  sharp  sou^ 

*^^  odour,  not  unlike  that  of  sublimed  oxalic  acid.  It  is  not  ca^ 

pable  of  crystallizing*  When  eraporated  to  drynojis,  it  as^ 

sumes  the  appearance  of  a  smooth  ramiah*  Wt^n  distiUed, 

it  is  converted  into  empyreumatic  oil,  water,  acetic  acid^ 

carbonic  acid  and  inflammable  gas*  When  heated  in  the  open 

fire,  h  boils,  emite  a  sour  smell,  and  leaves  a  bulky  charcoaL 

It  combines  with  some  of  the  salifiable  bases  and  forms 

salts  called  lactates*  Its  constituents  are  carbon,  hydrogen 

and  oxygen;  but  the  prqxirtion,  in  which  these  bodies  arc 

combined  is  not  known* 


SECTION  XVII. 

OP  PYROTARTARIC*  ACID. 

Pfratorts-  I*  pTROTARTARic  AGIO  may  be  obuined  by  the  follow- 
l!»woburi  »'^^  process:  Distil  a  quantity  of  bitartrate  of  potash  (tarur)^ 
ed*  and,  after  saturating  the  acid  liquor  which  will  be  obtained 

with  potash,  let  it  stand  to  crystallize*  The  crystals,  which 
form,  consist  of  the  acid  under  description,  combined  with 
potash;  they  may  be  purified  by  repeated  solution  and  crys- 
tallization. By  distilling  these  crystals  with  diluted  sulphuric^ 
acid,  they  are  decomposed,  sulphate  of  potash  becomes 
formed,  and  the  pyrotartaric  acid  passes  over  into  the 
receiver,  where  it  condenses  into  a  liquid;  when  this  liquid 
is  exposed  to  spontaneous  evaporation,  the  acid  is  deposited 
in  the  form  of  crystals* 
Itihktoiy.  II*  Pyrotartaric  acid,  in  an  impure  state,  was  known 
before  tartaric  acid.  Tartar  had  been  long  considered  an 
acidulous  salt,  whose  base  was  easily  shown  to  be  potash 
by  combustion*  When  distilled,  it  yielded  an  acid  liquor; 
but  this  was  evidendy  not  the  acid  of  tartar,  since  it  did 
not  form  tartar  by  combining  with  potash*  This  inference 
W9S  subsequendy  fully  confirmed,  in  1770,  by  Scheele, 
who  discovered  the  true  acid  of  tartar*  The  acid  liquor 
thus  obtained  from  tartar,  although  different  from  tartaric 
acid,  yet  appearing  to  possess  peculiar  properties,  the 
French  chemists,  when  they  adopted  their  new  nomen- 
clature, gave  it  the  name  of  pyrourtaric  acid*   Its  peculiar 


•  Prom  m,  fiiv>  and  Uutar»  tke  name  oC  tks  nit  from  vhieh  this  aeid  Is 
obtmed  by  the  mUcib  cf  fire* 


Bamre  was  aABnmrdB,  in  1799,  called  k  quetdon  bjr  eiAP.n. 
Foiircroy  and  Vauquelin,  who  sappoaed  thty  had  proved  ^— *— *- 
it  to  be  acetic  acid,  diaguiaed  by  adanisture  of  empjr- 
reoroatic  oil.  This  coaduaioii  of  the  French  chemiata  waa 
eonbated^  in  1M6,  by  Gehlin,  who  revived  the  original 
opinion  ot  ita  prooliar  natnre*  In  consequence  of  the  expe* 
rtmcnli  of  this  ehemist,  Fourcroy  and  Vauquelin  aubmitied 
the  acid  liquor  to  a  new  esamiiiattaQ,  which  teraiinated  in 
confirming  the  concluatons  ot  Gehlin. 

III.  Pyrotartaric  acid  is  in  the  form  of  cry  stab,  and  Its  proper- 
possesses  an  extremely  sour  taste.  It  is  readily  soluble  in  ^®'' 
water,  and  the  solution  formed  deposites  crystals  by  spon* 
taneous  evaporation.  When  heated,  it  melts,  and  sublimes 
in  the  form  of  a  thick  smokr,  without  leaving  any  residue. 
It  combines  with  some  ot  the  salifiable  bases,  forming  salts 
called  pyrotartrates.  Its  ultimate  constituents  are  carbon, 
hydrogen  and  oxygen;  but  the  proportion  in  which  they 
are  united  is  not  known. 


SECTION  XVIII. 

OF  MOROXYUC*  ACID. 

I.  MoRoxTLic  ACID  may  be  obtained  by  the  following  MorozjKc 
process:   Dissolve  the  saline  exudation,  found  on  the  bark  ^\  ^ 
of  the  white  mulberry  tree,  in  water,  and  let  the  solution  ^'^'^ 
stand,  until  it  deposite  crystals.    These  crystals  will  be 

small  and  needle-form,  and  consist  of  a  salt  composed  of 
the  acid  under  description  and  lime.  After  a  sufficient 
number  of  them  have  been  deposited,  dissolve  them  in 
water,  and  add  to  the  solution  formed,  acetate  of  lead  (su- 
gar of  lead).  This  addition  decomposes  the  moroxylate  of 
lime,  and  causes  a  moroxylate  of  lead  to  precipitate.  Sepa- 
rate the  moroxylate  of  lead,  and  decompose  it  by  means  of 
sulphuric  acid,  diluted  with  twice  its  weight  of  water.  The 
lead  falls  in  combination  with  this  acid,  in  the  form  of  an 
insoluble  sulphate  of  lead;  while  the  moroxylic  acid  remains 
in  solution.  Separate  the  sulphate  of  lead,  and  evaporate 
the  clear  solution,  until  crystals  make  their  appearance. 
The  crystals,  which  will  form,  consist  of  moroxylic  acid. 
This  acid  was  discovered,  in  1803,  by  Klaproth. 

II.  Moroxylic  acid  is  in  the  form  of  fine  needle»shaped  Its  proper' 

nil* 


From  moru^  the  amlbcrry  tree,  and  (^mv,  woe4. 
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Book  I.  cryttels,  fif^a  f«dd  wood  colour.  It^  iMte  .ia  tinular  lo  timt 
pivmoa  a.  ^f  succinic  actd*  It  ia  aoiuble.  in  water*  It  suffers  no  altera- 
tion by  exposure  to  the  aii^  When  diatilicd,  an  acid  liquor 
is  fint  (kiven  orer,  and  aftenvaids  part  of  the  acid  sttblimes 
unaltered  upon  ibe  upper  part  and  the  neck  of  (be  rcttiru 
-What  remains  behind.ia  a  coaly,  rcsiduuoi*  Its  conbinations 
with,  salifiable  bases  are  calleid  moraaylaftrs* .  Its  ttltimate 
constitneata'are  carban^  hydrogen  and  ozjrnen* 


-^    *'       «»««. 


■  »•  » 


SECTION  xrx. 

OF  SUBfiRFG*  AGIO. 

Suberic  !•  SuBfiRxc  ACID  may  be  obtained  by  the  following  pro- 

Sbtlia^  cess:  Digest  one  p^rt  of  cork  in  six  parts  of  nitric  acid* 
After  the  action  of  the  acid  is  over,  evaporate  the  mixture 
to  the  consistence  of  an  extract,  dilute  it  with  water,  and 
then  expose  it,  for  some  time,  to  a  sand  heat*  The  liquid, 
thus  obtained,  by  being  set  aside,  forms  oo  its  surface  a 
substance  resembling  wax,  and  deposites  white  flocks  at  its 
bottom*  Both  these  substances*  niuat  be  separated,  and  the 
remaining  liquid,  concentrated  by  evaporation*  As  the 
concentration  proceeds,  a  powder  falls,,  which,  after  being 
washed  with  cold  water,  is  pure,  suberic  acid*  This  acid 
was  discovered,  in  17^87,  by  Brugnatelli* 
fu  proper-  IL  Suberic  acid  is  in  the  form  of  a  white  powder,  having 
^*'  some  resemblance  to  starch.   Its  taste  is  sour,  without  any 

mixture  of  bitterness*  It  dissolves  in  80  parts  of  water,  at 
the  temperature  of  55*5^^  and  in  38  parts,  at  the  tempera- 
ture of  140^*  When  exposed  to  heat,  it  first  melts,  and  then 
sublimes.  Its  combinations  with  salifiable  bases  are  called 
suberates*  Its  ultimate  constituents  are  carbon,  hydrogen 
and  oxygen* 


SECTION  XX* 

OF  LACCXC  ACID. 


Leeeic  I.  Vert  little  18  known  respecting  laccic  acid.  It  was 

iBinedfroiii  obtained,  by  John,  from  stick-lac,  a  substance  which  comes 
lac.  from  the  East  Indies*  This  substance  has  been  ascertained 


*  Trom  tuker,  the  Latin  name  for  eerk. 
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to  constitute  the  nidus  of  a  certain  insect,  called  chremes  Cn av.  it. 
lacca.  When  chemicsdly  namiiied,  it  is  found  to  consist 
principally  of  resin. 

II.  Laccic  acid  has  a  wine-yellow  colour,  and  a  sour  lu  iiroper- 
taste.  It  is  soluble  and  crystallizahle.  Its  ootnMnations  with  ^^** 
salifiable  bases  are  called  iaccates.  Its  ultimate  constituents 
are  carbon,  hydrogen,  and  oxygen* 


SECTION  XXI. 

OP  KINIC*  ACID. 


I*  KsHic  ACID  may  bt  obtained  by  the  foUowing  pro-  Kinie 
oess:  Macerate  yellow  Peruvian  bark  an  cold  water,  vnd^^^^*^' 
ooocentrate  the  iniusion  formed  by  evaporation*  Let  it 
stand  for  some  tiaae,  until  crystals  make  their  appearance. 
Separate  the  crystals  which  fonn,  and  purify  diem  by  re* 
peated  crystallizations:  they  consist  of  the  acid  under 
description^  oombined  wkh  lime.  In  order' to  obtain  the 
kinic  add  in  a  separate  state,  dissolve  the  crystsls  in  water, 
and  add  oxalic  acid  to  the  solution  formed.  This  acid  sepa- 
ratea  die  lime,  in. the  form  of  an  insolnbk  oxalate  of  lime^ 
while  the  kinic  acid  remains  in  solution.  Ktnic  acid  was 
dtaoovered  by  Vanquelin,  combined  with  lime,  in  a  salt, 
prepared  from  Peruvian  bark,  by  Deschampa,  junior,  aa 
apothocary  of  Lyons.  Deschamps'  salt  was,  dierefore,  a 
kiaate  of  lime. 

II.  Kinic  acid,  in  the  form  of  solution,  has  a  brown  fti  proper 
colour,  and  a  sour  and  somewhat  bitter  taste.  It  is  not^^* 
altered  by  exposure  to  air.  When  concentrated,  by  evapo- 
ration, to  the  consistency  of  a  syrup,  it  does  not  crystallize 
spontaneously,  but  instant]}^  upon  being  touched  with  a 
glass  rod.  When  exposed  to  the  action  of  heat,  on  burning 
coals,  it  first  melts,  then  froths  and  blackens,  and  after- 
wards exhales  an  acrid  vapour.  The  residuum  is  a  small 
portion  of  charcoal.  Its  ultimate  constituents  are  carbon^ 
hydrogen,  and  oxygen. 

*  Contneted  of  qmnqittna^  the  French  naiiie  for  the  PeniTian  btrk. 
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^'^"'  SECTION  XXII. 

OF  ZUBIIO*  ACID. 

I.  ZuM  10  ACID  may  be  obtained  by  the  following  pro- 
Zamio  cesB:  AUow  a  mixture  of  rice  and  water  to  ferment;  and 
«buln^    evaporate  the  liquid  thus  procured^  after  being  strained, 

almost  to  dryness,  so  as  to  form  a  gummy  mass.  Digest 
the  gummy  mass  in  alcohol,  and  evaporate  the  solution 
formed,  until  crystals  make  their  appearance.  These  crys- 
tals consist  of  aumic  acid  combined  with  a  portion  of  lime. 
Separate  them  and  dissolve  them  in  water,  and,  to  the 
solution  formed,  add  barytes  water  as  long  as  any  preci- 
pitate ensues:  the  barytes  combines  with  the  zumic  acid, 
and  remains  in  solution,  while  the  lime  is  precipitated. 
Separate  the  lime  by  the  filter,  and  add  to  the  clear  solution 
aulphuric  acid,  in  just  sufficient  quantity  to  precipitate  all 
the  barytes  of  the  zumate  of  barytes.  The  precipitate  thus 
formed  being  separated,  nothing  remains  but  a  solution  of 
zumic  acid. 

II.  Zumic  acid  was  lately  discovered  by  Braconnot,  by 
treating  rice  in  the  manner  just  detailed.  It  is  not,  how- 
ever, peculiar  to  the  fermentation  of  •rice,  but  appears  to  be 
formed  pretty  generallv  by  the  spontaneous  fermentation  of 
vegetable  substances. 

lu  proper^      III.  Zumic  acid  is  a  colourless  liquid,  possessing  a  vety 
^^  sour  taste.  It  is  incn>able  of  crystallization;  but,  upon  suf- 

ficient evaporation,  it  forms  a  syrup.  When  sul^ected  to 
distilladon,  it  yields  charcoal  and  acetic  acid.  Hence  its 
constituents  must  be  carbon,  hydrogen  and  oxvgen.  Its 
combinatiops  with  salifiable  bases  are  called  zumates  by 
Dr.  Thomson.! 


SECTION  XXIII. 

OF  BOLETlCt  ACID. 

B^cUe  L  BoLBTic  ACID  was  discovered,  in  1811,  bv  Bracon- 


aioSd. 


not,  in  the  expressed  juice  of  the  boletus  pseudo-igniarius. 


*  Zumie  it  the  name  fpven  to  this  aoid  br  Dr.  Thomaoo,  tntteed  of  nanceie, 
derived  from  Nanoj,  the  name  of  the  eitjr  m  whieh  its  diaeorerer  retidea.  Or. 
HKHnion'a  name  it  derived  from  ^u/ai  leaven. 

1 1  find,  by  a  notiee  eontained  in  the  Anaalt  of  Philosophy,  Vol  Xfl.  p.  391, 
that  the  peeoUar  nature  iif  zamie  aeid  haa  been  ealled  in  question  bj  Vogel.  I'hit 
ehemitt  mformt  at  that  he  hat  obtained  it  from  dHTerent  tpeoiet  of  eom»  and 
finds  it,  when  properly  porified,  to  be  the  laede  neid  of  Berselins. 

i  Pram  b9letu»t  the  Latin  name  for  the  mushroom. 
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It  18  a  crystallized  solidi  of  a  white  ooloun  Its  taste  is  si«  Chaf.  n. 
milar  to  that  of  bitartrate  of  potash  (tartar).  When  in  the 
state  of  solution,  it  reddens  vegetable  blues.  It  is  not  alter- 
ed by  exposure  to  air.  It  dissolves  in  180  parts  of  water  at 
the  temperature  of  68^.  When  distilled,  the  greatest  part  of 
it  sublimes  unaltered.  When  exposed  to  the  action  of  the 
open  fire,  it  rises  in  white  vapours,  which  irritate  the 
throat,  and  condense  on  surrounding  bodies,  in  the  form  of 
a  farinaceous  powder.  Its  combinations  with  salifiable  bases 
are  called  boletates.  Its  ultimate  constituents  are  probably 
carbon,  hydrogen,  and  oxygen. 


Having  thus  finished  the  consideration  of  the  acids,  in 
conformity  with  the  plan  pursued  with  regard  to  the  other 
sets  of  chemical  bodies,  their  principal  properties  will  be 
recapitulated  in  a  series  of  tables. 
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CHAPTER  in. 

AaDS  INEPIirBD,  AND  THR  eLASSIFIOATIOlT  OP  TflEM  PUR- 
8UBD  IN  .THE  PBB8BVT  WORK  BXFLAINBD. 


Having  now  finished  the  cofisideratioft  of  |he  p^i^lt  avd 
given  a  tabular  view  of  chcir  properties,  ihe  reMrr  is  prer 
pared  to  understand  what  is  asessim  in  ^  ft^t^i^  sea^e,  bf 
the  term  acid* 

The  term  acid^  as  used  bjr  the  chemist,  has  ^  very  difr  ^^^ 
ferent  meaning  from  its  common  acceptation*  |q  common    *^^^' 
language^  this  term  is  used  as  synoayoious  with  aonr;  but 
when  employed  by  tbe  chemist,  it  is  applied  ^  a  class  qf 
aubstuices,  which  have  either  or  both  pf  the  ibUowipg  prp* 
perttes* 

1.  A  sour  taste. 

2.  The  property  of  cpa^fainiog  vith  cerjtwi  c<»fi^u^ds, 
called  salifiable  baees,  with  jtbe  eflkct  of  destroying  ibeir 
distiociive  properties,  as  well  as  of  losipig  their  own. 

The  second  fHt^perty  aaeotiaMd  may  be  <?pnsMered  «e 
jbe  most  dieitinctive  of  acids*  U  is  pqwesaed  by  ajji  tbif  class 
of  chemical  bodies,  except,  perhaps,  bydrocyan^  (pf  ^seie)  AaMi  of 
jw:id,  chloriodic  acid  and  chiorocvaaic  add.  CUoipcarbmic  ^^ 
•cid  is  found  to  be  capable  of  neutrati^iog  fomr  jtiQtes  its  eBamenCr 
volume  of  ammoniacal  gasi  and  although  il  is  opt  J^nowQ  tt^  ^' 
be  capable  of  conbiniog  with  any  other  sjdifiable  base;  yet 
this  one  combination  is  suflMmt  to  establish  its  acid  osturc^ 

In  strict  propriety,  perhaps,  hydroeyanic  acid  shoirfd  i^ot 
stand  among  the  acids.  Acid  properties  were  first  attiibi|te4 
to  it,  under  the  infiuence  of  the  erroneous  opinion,  that  ijt 
jv»  capable  of  neutrattsung,  or  destroying  the  d^stinetive  pro- 
perties of,  salifiable  bases.  But  it  is  now  found,  dia|  it  i^ 
olwAys  decompoaody  when  presented  for  combioalion  with 
a  salifiabk  base*  Besides,  it  has  not  a  sour  taftte^  ao4  if  k^ 
capable  of  fcidde&usg  vegetable  blues. 

CUoriaidk  acid,  Uke  hydrocyanic  aMl*  sulFens  4e(poippOf- 
aitioo,  whenever  the  attempt  is  mjade  to  apasbiiae  it  with  a 
aattfiable  ibMe.  It  does  not  redden  vegelaUe  Muaa,  J^ut  des^ 
troys  them.  Its  taste  has  not  been  ascertained*  Perhaps  if 
would  have  been  more  correct  to  biaye  adaf|»d  ftiy?I*usiiac*» 
opinion  respeotiag  its  natune^  and  exclud^.it  ^im»  ithe  list 
of  acids. 

Chlofocyanie  acid  is  not  known  to  oasib^ie  vlth  any^i!^" 
fiaUe  be$e;  bnl  it  nsdtois  vegetable JshMi*'  lit  ia  eertfviidy 


pou< 

bjral 


MunmrtOM  and  culssifioation  ov  aohs. 

Bo««  t  an  acid  of  very  doubtful  character*  So  that  it  appears  that 

DivMiort  It.  (^Q  Qut  of  the  three  acids,  which  are  unable  or  not  known 

to  combine  with  salifiable  bases,  belong  to  the  class  of  acids 

of  irregular  constitution,  so  called  in  this  work.  It  is  not 

iihprobable  that  further  researches  may  make  it  necessary 

to  strike  out  these  combinations  from  the  list  of  acids. 

Prapertyof     As  to^the  property  of  reddening  vegetable  blues,  which 

reddening  \^  ffenerally  supposed  to  be  distinctive  of  acids,  it  would 

blues,  nf>t   appear  that  it  is  merely  a  property,  very  generally  associat- 

Bsesscd    ed  with  the  essential  one  (tf  neuuidizing  salifiable  bases. 

^  '  For  this  reason,  it  is  convenient  %o  take  the  indications  of 

acidity  from  it;  and  this  course  can  lead  to  no  error,  when. 

the  chemist  is  acquainted  with  those  acids,  which  do  not 

possess  this  property. 

Having  now  considered  the  principal  properties  character- 
istic of  the  class  of  acids,  and  noticed  those  acids,  which  are 
of  doubtful  character;  it  is  next  proper  to  say  something  of 
the  arrangement  of  these  bodies,  which  has  been  adopted 
in  this  work. 
French  After  the  chemistry  of  the  French  school  had  overtum- 

doctnne  of  ^d  the  doctrines,  connected  with  the  supposed  existence  of 
m?acidifi"  phlogiston  or  an  inflammable  principle;  a  fundamental  doc- 
eation  ex-   tritte  of  the  new  theory  was,  that  oxygen  is  essential  to  the 
plained,      production  of  combustion  and  acidity.  It  was  contended, 
that,  in  every  case  of  combustion,  oxygen  combines  with  the 
burning  body,  and  separates  from  its  light  uid  heat;  and 
that,  when  a  body  is  acidified,  it  combines  with  oxjgen,  and 
in  no  case  with  any  other  substance. 
Found  to        The  reader  has  already  been  put  in  possession  of  a  suf* 
be  errone<>  ficient  number  of  facts,  to  enable  him  to  determine  that  the 
^^^  French  doctrine  of  combustion  and  acidification  was  erro- 

neous. This  very  evidendy  appears,  when  it  is  reccdlected 
that  a  plurality  of  supporters  have  been  discovered,  and 
that  a  number  of  acids  are  now  known,  roto  which  oxygen 
does  not  enter  as  a  constituent. 
The  new        The  discovery  of  acids,  into  which  oxygen  does  not  enter 
Tipwt  res-  as  a  constituent,  having  destroyed  the  exact  analogy,  pre- 
STfieiuon"'  Piously  observed  between  the  acids,  a  new  arrangement  of 
made  a  new  them  appeared  lobe  absolutely  necessary.  A  classification 
ebH»ifica.    ^f  ^^^^  1^3^  (y^^Q  devised  by  Dr.  Thomson;  bpt  it  is  too  in- 

neeeasary.  tncate  to  be  of  practical  utility.  The  arrangement^  which 
has  been  adopted  in  the  present  work,  is  founded  upon  the 
analogies  in  composition  of  the  different  acids. 

A  tmhiber  of  acids,  which  have  not  oxygen  as  a  consti- 
tuent, agree  in  containing  hydrogen  as  a  common  principle. 
These  acids  #rt« 'hydrochloric  (muriatic)  acid,  hydriodic 
acid,  hydrdsalpkOiicraaid  (sulphuretted  hydtvi^en)^  hydro- 
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fluoric  (flnoric)  acid  and  hydrocyanic  acid.  This  strikinff  fact  Ckap.  m. 
•f  the  uniform  presence  of  hydrogen  in  a  number  of  im-  pi^,^;i^^^_ 
portant  acids,  in  which  oxygen  does  not  exist,  suggested  tion  M^pt- 
the  expiediency  of  erecting  a  classification  of  these  bodies,  ol^^^'^be^ 
founded  upon  the  presence  or  absence  of  oxygen* or  hydro-  prMenecw 

gen  in  them.  absence  of 

Upon  the  presence  or  absence  of  oxygen  or  .hydrogen,  ^dro^ 
feur  classes  of  acids  jnay  be  founded: 

I.  Acids,  in  which  oxygen  is  present,  but  not  hydrogen. 

II.  Acids,  in  which  hydrogen  is  present,  but  not  oxygen. 
11 L   Acids,  in  which  neither  oxygen  nor  hydrogen  is 

present. 

IV.  Acids,  in  which  oxygen  and  hydrogen  are  both 
present. 

This,  however,  is  not  exacdy  the  arrangement,  which  is 
adopted.  Some  of  the  acids,  in  which  oxygen  is  present  but 
not  hydrogen,  have  bases,  which  are  capable  of  forming  acid 
compounds  with  hydrogen.  This  circumstance  suggested 
the  expediency  of  letting  those  acids  stand  in  a  dbsss  by 
themselves,  whose  bases  form  acid  compounds,  by  combin- 
ing with  oxygen  or  hydrogen  indifferently.  By  this  measure, 
acids  whose  bases  are  die  same,  are  made  to  stand  together. 
.  So  that  the  arrangement,  founded  upon  the  presence  or 
absence  of  oxygen  or  hydrogen,  modified  in  the  way  just 
mentimied,  gives  rise  to  five  classes: 

I.  Acids,  whose  bases  form  acid  compounds  widi  oxjrgcn 
or  hydrogen  indifferently. 

IL  Acids,  whose  bases  form  acid  compounds  with  oxy- 
gen only. 

III.  Acids,  whose  bases  form  acid  compounds  with  hy* 
drogen  only. 

IV.  Acids  in  which  neither  oxygen  nor  hydrogen  is  pre- 
sent. 

V.  Acids,  in  which  oxygen  and  hydrogen  are  both  pre- 
sent. I 

These  classes,  except  the  fourth,  exhibit  exactly  the  ar- 
rangement adopted.  The  fourth  class,  in  the  arrangement 
pursued,  has  the  tide  of  acids  of  irregular  constitution. 
The  acids  which  stand  here  cannot,  indeed,  be  caUed  acids, 
which  contain  neither  oxygen  nor  hydrogen,  although  this  is 
the  ease  with  some  of  diem;  so  that,  in  this  particular,  the 
classification,  founded  upon  the  presence  or  absence  of  oxy- 
gen or  hydrogen,  has  not  been  adhered  to. 

The  object  of  the  classification,  which  has  been  adopted, 
is  to  afford  a  key  to  the  memory  for  recollecting  the  consjti- 
tueots  of  the  different  acids,  by  exhibiting  their  chemical 
relations  to  oxygea  and  hydrogen.  With  reference  to  the 


2BQ  »ALn. 


8poK  I.  pipduciiofi  of  ncidityf  U  would  appear  that  chamtcal  hdikn 
DifkionUi  arrange  diemMlves  ia  two  aeta;  bodica  called  the  baacsB  of 
Tii«on|^of  acida  on  the  ooe  band,  and  oxygpn  and  hydrogen  on  tha 
So^iviOoh  o^her*  The  coacurreace  of  ooe  bodf ,  at  least,  from  each  of 
led  to  the  thete  acta,  appears  to  be  abaplutely  easeotial  to  the  produce 
tion^opt-  ^^^  ^^  acidity.  That  this  necessity  of  concurmnce  ia  not 
ed.  imaginary,  but  real,  is  evinced  by  thia  tact,  that  the  bpdies 

of  neither  set  can  produce  acids  by  .combinations  among 
themselves.*  Hence  it  is,  that  no  acids,  except  those  of 
doubtful  character,  are  destitute  of  both  oxygen  and  hy- 
drogen* 
AdTMUges  By  the  first  class  of  acids,  the  fact  is  clearly  shewn,  thaf 
rangement  chlcrioe,  iodine,  sulphur,  selenium  and  tellurium  are  acidi- 
fiable  by  combining  with  either  oxygen  or  hydrogen*-  Th^ 
second  class  contains  those  acids,  whose  bases  are  acidifiable 
by  oxygen  only.  These  acids  agree  exactly  in  chemical  con* 
sdttttion,  and  stand  very  well  together.  The  third  class  con* 
tains  the  hydrofluoric  (fluoric)  acid  and  the  hydrocyanie 
add.  The  fiirmer  has  an  undecompounded  base,  the  latter, 
a  compound  base.  Both  theae  bases  may  be  considered  as 
acidified  by  hydrog^A*  The  fourth  class  appears  to  conUun 
a  very  proper  association  of  acids.  They  are  called  acids  cl 
irregular  constitution!  and  they  an  certainly  irregular,  with 
reference  to  any  dieory*  A^ids  of  the  fifth  class  are  those 
in  which  oxygen  and  hydrogen  are  both  pnesent.  They  ana 
all,  except  die  two  first,  triple  compounds  of  carbon,  hy- 
drogen and  oxygen.  In  any  arrangensent  of  acids,  they 
would  necessarily  stand  by  themselves. 


CHAPTER  IV. 

OF  SALTS. 

Salt!  are  Havivo  finished  the  consideration  of  acids  and  given 
oompoandt  flofiie  acGOUttt  of  their  arraagcoient,  the  compound  bodies, 
tveenaeuit '^^^^  ^  ^  considered,  are  those  which  are  formed  by  thf 
and  Miifia-  union  of  acids  and  salifiaMe  bases.  These  eoasbtnationa  are 
bie  baiea.    c^H^d,  by  the  chemist,  salts. 

The  salts  will  be  treated  of  ia  as  many  dassea  as  there 

are  salifiaUe  bases;  those  formed  fay  each  base  constituting 

the  subject  of  a  separate  eection. 


*  Somcof  tbe  compounds,  included  upder  Uie  cIam  of  aoidi  of  irregalar  eonsCi- 
tttCioa,  arc  cKCepttons  to  Ais  atatemept;  bat  tlieir'  aomposiaod  ia  ao  lakperfeetlr 
aaoartaineil,  thai  it^e  n0t  fUgVkftlj  Uiat  ^1^  Wf  A^nwer  fforf  to  omital*  oxy« 
gen  or  bydrogen. 
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CtAV.  IV. 

SECTION  L 

SALTS  Ot  AMMONIA. 

Salts  or  Ammonia  are  combinations  of  acids  with  the  sa-  SaitiafaiQ. 
lifiable  base  ammonia.  The  most  important  of  these  salts  ^^^ 
are  the  followmg*  poandt. 

I.  Chlorate  ^Jmmonfa.— Formerly  called  Hyperoxymu*  Chlorate  of 
riate  of  Ammonim.^^TYk\%  salt  waa  first  formed  by  Chenevix.  •>»"»<»'»• 
It  may  be  prepared  by  dissolving  carbonate  of  ammonia  in 
chloric  acid*  The  acid  combines  with  the  ammonia,  and  car- 
bonic acid  is  extricated.  It  is  in  the  form  of  crystals  of  an 
exceedingly  sharp  taste.  It  is  soluble  in  water.  When 
thrown  upon  a  burning  coal,  it  detonates  with  a  red  flame. 
It  is  decomposed  by  heat;  chlorine,  a^ote  and  oxygen 
being  evolved,  and  hydrochlorate  of  ammonia  (sal  ammo- 
niac), left  behind. 

IL  HlnJBOCBLORATB  OF  AMMONIA. 

Uioal  ohenitel  iumie»  .MMale^«^fiMiofito.--^Coi&m<m  mme»  Sal  Ammomac. 

1.  Hydrochlorate  of  ammonia  may  be  formed  either  by  Hydroehlo 
direct  combination,  or  by  decomposing  sulphate  of  ammo-  ^^^!  ^ 
fiia  by  chloride  of  sodium  (common  salt). 

2.  Originally  this  salt  was  procured,  in  Egypt,  from  the 
•oot  of  camels^  dung,  by  sublimation.  It  is  now  made  in 
great  abundance  in  Europe  by  the  direct  union  of  its  con- 
stituents, or  by  the  decomposition  of  the  hydrochlorates 
(muriates). 

d.  Hydrochlorate  of  ammonia  is  sometimes  found  native, 
especially  in  the  neighbourhood  of  volcanoes.  It  has  been 
known  for  several  centuries.  Its  composition,  however,  does 
not  appear  to  have  been  ascertained  until  the  beginning  of 
the  last,  when  it  was  pointed  out  by  Geoffroy,  Junior. 

4.  In  commerce,  this  salt  occurs  generally  in  the  form  of  Properties, 
firm,  round,  elastic,  concavo-convex  cakes.  But  by  solution 

and  crystalli^tion  it  may  be  obtained  in  crystals.  It  has  a 
pungent,  urinous  taste,  and,  in  the  compact  cake,  is  not  alter- 
ed by  exposure  to  air.  Its  specific  gravity  is  1*450.  It  is 
soluble,  when  in  the  cake,  in  somewhat  more  than  three 
times  its  weight  of  cold  water,  and  in  its  own  weight  of 
boiling  water.  In  crystals,  it  requires  less  water  for  its  solu- 
tion. When  heated,  it  sublimes  unaltered,  emitting  a  pecu- 
liar odour. 

5.  Hydrochlorate  of  ammonia,  has  the  property  of  form-  Combinei 
ing  a  permanent  compound  with  perchloride  of  "Mercury  jj^jg^^ 
(corrosive  sublhnate).  This  compound  waa  called  by  the  ^lerMny. 
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Book  I.   alchemists  sal  alembroth,  and  is  usually  caUed  by  chemists 
DivnionlL  ^  Qmnate  of  mercury-and-ammonia,  under  an  idea  that  it 
is  a  triple  salt.  According  to  the  new  chemical  views  re- 
specting the  nature  of  ozymuriatic  acid  (chlorine),  it  can- 
not be  considered  as  a  salt.  When  a  solution  of  carbonate 
of  potash  or  of  soda  is  added  to  a  solution  of  this  com- 
pound, there  falls  a  precipitate,  which  is  the  ammoniated 
perchloride  of  mercury,  noticed  under  the  head  of  the  per- 
chloride,  page  106. 
Gompori-        6.  Hydrochlorate  of  ammonia  is  composed  of 
**•"•  Hydrochloric  acid     37— one  atom/ 

Ammonia  17— one  atom. 

Giving  54  for  the  number  repre- 
senting the  weight  of  its  atom. 
Medieai  ^*  I'his  salt  was  formerly  used  in  medicine  as  an  aperient 

propertim.  and  attenuant;  but,  at  the  present  day,  it  is  never  given  in- 
ternally. Externally,  it  is  used  in  solution  for  the  purpose 
of  removing  chronic  inflammation,  and  as  a  discutient  in 
indolent  tumours.  It  appears  to  act  at  -first  by  the  cold  which 
it  produces,  and  afterwards,  as  a  stimulant,  by  creating  a 
new  and  more  healthy  action. 

III.  lodate  of  Ammonia.'^TYAs  salt  may  be  formed  by  sa«> 
turating  iodic  acid  with  ammonia.  It  is  in  the  form  of  crys* 
tab,  which  detonate  when  thrown  upon  heated  coals,  emit-, 
ting  a  weak  violet  light  and  giving  out  vapours  of  iodine. 

IV.  Hydriodate  of  Ammonia.'^Thh  salt  may  be  formed 
by  mixing  together  equal  volumes  of  hydriodic  acid  gas 
and  ammoniacal  gas;  or  by  dissolving  liquid  ammonia  in  a 
solution  of  hydriodic  acid.  It  is  in  the  form  of  crystals, 
which  are  soluble  in  water  and  deliquescent  in  the  air* 

V.  SULPHATE  OF  AMMONIA. 

Secret  Sal  JSmnwniac  of  Glauber. — VitriolaSed  AnoMmac. 

Soipbate  of     1.  This  salt  may  be  prepared  by  satumting  ammonia  with 

*"""^^    sulphuric  acid,  or  by  decomposing  hydrochlorate  ofammo- 

tioii.  nia  by  means  of  the  same  acid.  It  has.  a  sharp  bitter  taste. 

It  is  soluble  in  twice  its  weight  of  cold  water,  and  in  its 

own  weight  of  boiling  water.  In  the  air,  it  slowly  attracts 

moisture. 

Hovdb-         2.  It  is  formed  by  manufacturers  from  the  impure  liquid 

utoed  by    sub-carbonate  of  ammonia,  obtained  by  distilling  bones  and 

the  inanu*       ,  -ii^  •  •••iti* 

f«ctarer.  Other  animal  substances,  by  saturatmg  it  with  sulphuric 
acid;  or  more  economically,  by  double  decomposition  be- 
tween it  and  sulphate  of  lime  (gypsum).  It  is  procured  by 
them  tp  be  employed  afterwarcu  in  the  manufacture  of  hy- 
drochlorate of  ammonia  (sal  ammoniac),  by  douUe  decom* 
position  with  chloride  of  sodium  (common  salt). 
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VI.  Sulphite  of  Ammonia^^^Tht:  taste  of  this  salt  is  cool-  Qmmm.  iv. 
ing  and  penetrating,  and  leaves  a  sulphureous  impression  in 
the  mouth.  It  dissolves  in  its  own  weight  of  cold  water, 
with  the  production  of  cold.  Exposed  to  the  air,  it  attracts 
moisture  and  is  converted  into  a  sulphate. 

Va  HTDROSULPHATfi  OF  AMMONIA. 
tJmftl  elienieal  nunm  ffttdrowlpkuret  of  Ammonia. 

1.  This  salt  may  be  obtained  perfectly  pure  by  causing  HTdrotol* 
hydrosulphuric  acid  gas  and  ammoniacal  gas  to  pass  into  ^^^^o^[|. 
a  bottle  surrounded  with  ice.  It  is  in  the  form  of  transpa-  how  obuid- 
rent  and  colourless  crystals.  It  is  very  volatile,  and  when  ^- 
kept  in  a  botde  sublimes  gradually  to  the  top. 

2.  For  medical  employment,  it  may  be  formed  by  passing 
a  current  of  hydrosulphuric  acid  gas,  through  liquid  ammo* 
nia.  The  solution  of  the  salt,  which  is  thus  formed,  is  of  a 
greenish*  yellow  colour. 

3.  This  salt  was  first  used  in  medicine  by  Cruickshank.  lu  action 
It  acts  very  powerfully  upon  the  living  system,  inducing  ^^n^^^Jl.'*' 
vertigo,  drowsiness,  nausea  and  vomiting.^  and  lessening  the  tem. 
action  of  the  heart  and  arteries.  It  has  been  used,  in  solution, 

in  diabetes  by  Dr.  Rollo  and  others,  in  doses  of  from  five 
to  ten  drops  twice  or  thrice  a  day.  Its  activity  entides  it  to 
the  notice  of  practitioners. 

.  VI 1 1.  Hydromlphite  of  Ammoma^'^UwiA  chemical  name  Hydrotol^ 
Mydroguretted  Suiphuret  of  Jmmonfa*— -This  salt  may  be  **'**' 
obtained  by  pouring  hydrosulphate  of  ammonia  upon  sul- 
fhnr.  The  fumin^r  ii^or  of  Boyle  is  a  hydrosulphite  of  am- 
monia with  excess  of  base.  This  liquor  may  be  prepared 
by  distilling  a  mixture  of  equal  parts  of  hydrochlorate  of 
ammonia,  sulphur  and  lime.  It  is  a  liquid  of  a  deep-orange 
colour,  which  constantly  emits  white  tumes  of  a  strong  am- 
moniacal and  fetid  odour,  owing  to  the  excess  of  its  base. 
When  allowed  to  stand,  it  gives  oiF  this  excess,  whereby  its 
fuming  property  is  destroyed,  and  deposites  a  portion  of  sul- 
phur, sufficient  to  reduce  its  acid  to  the  state  of  hydrosul- 
phuric acid.  In  this  way,  it  becomes  converted  into  a  hy- 
drosulphate of  ammonia. 

IX.  Nitrate  of  Atnmonia.'^Old  names,  Nitrum  Semivo-  Nitrate. 
latile;  Nitrum  Flamnume.'-^' Vhis  salt  may  be  prepared  by 
dissolving  carbonate  of  ammonia  in  dilute  nitric  acid,  and 
allowing  the  solution  to  stand  until  crystals  form.  These 
crystals  constitute  the  salt  in  question.  It  has  a  very  acrid, 
bitter,  disagreeable  taste.  It  is  soluble  in  twice  its  weight 
of  cold  water,  and  in  half  its  weight  of  boiling  water.  When 
exposed  to  the  air,  it  attracts  moisture,  and  deliquesces. 
When  subjected  to  a  heat,  not  exceeding  50QP,  it  is  wholly  . 
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Book  l   eoftveited  iflto  protmdde  of  azoie  (nhvous  ettUt)  aad  wtter. 
'^'^^  "•  It  is  from  this  salt,  that  Ak  pvotoonde  is  umaily  ofaftftiaed. 
When  exposed  to  a  heat  above  606P,  it  is  totafiy  decom- 
posed, aod  converted  into  deulokide  of  azote  (nitrovui  gtt), 
nitrous  acid,  water  and  aasote. 

X.  CAKBOKATB  OF  AMMONU. 

(Formerly  ealled.  Prepared  JtmnMda.'-'Mild  VebttUe  JilkaiL) 

CarboDAte       1«  This  salt  may  be  prepared  by  subtimiag  a  mixture  of 
o^mmo-   two 'parts  of  pure  carbonate  of  lime  (chaHc)  and  one  part  of 
hydrochlorate  of  ammonia  ^sal  ammoniac)  bodi  in  powder, 
and  made  as  dry  as  possible.  The  sublimed  product  is  car- 
bonate of  ammonia. 
Prvpara*        S.  Carbonate  of  ammonia  is  obtained,  by  the  manufac- 
tionofthe  turer,  by  the,  destructive  distillation  of  animal  substances, 
oiu'boMie    which  Contain  azote.  The  substMices  generally  employed 
^V^  "'**  ^^  refuse  bones  and  horns.  The  distilled  products  are 
A  Aetuiwr.^^^^^^  subcarbonate  of  ammonia  and  empyreumatic  oil. 
Water  is  first  driven  ovet;  then  the  subcarbonate,  wluch 
dissolves  in  the  water  to  the  point  of  saturation  and  after- 
wards concretes  in  the  upper  parts  and  sides  of  the  receiver, 
and  lasdy  the  oil.  These  three  producu  are  respectively 
called  the  voiatik  kquor^  9€Ut  and  oil  ofhartBhom.  The  vo- 
latile liquor  and  the  salt  contain  a  portion  of  the  oil,  whidi 
adheres  obstinately,  while  the  oil  holds  in  solution  a  por- 
tion of  the  salt.  None  of  these  products,  except  the  water, 
pre-exist  in  the  distilled  substance;  they  are  all  formed, 
during  the  process,  by  a  new  arrangement  of  its  ultimaie 
constituents.  Azote  and  hydrogen  combine  to  form  ammo- 
nia, carbon  and  oxygen,  to  form  carbonic  acid,  and  carbon, 
oxygen  and  hydrogen,  to  form  oil. 

The  volatile  liquor  and  salt  of  hartshorn  are  too  impure 
for  use  in  medicine.  The  carbonate  of  ammonia,  wliich  they 
contain,  may  be  saturated  with  sulphuric  acid;  and  the  sid- 
phate  thus  formed  is  employed  in  the  naanufacture  of  hy- 
drochlorate of  ammonia  (sal  ammoniac)  by  the  agency  of 
chloride  of  sodium  (common  ssUt^,  as  already  mentioned 
under  the  head  of  the  sulphate,  A  hydrochlorate  being  thus 
obtained,  it  may  be  converted  into  a  pure  carbonate  m  the 
manner  detailed  in  the  first  paragraph. 
PropertiM.  3.  Carbonate  of  ammonia  is  in  the  form  of  a  white  crys- 
tallized mass  of  a  fibrous  texture,  having  the  smell  and 
taste  of  pure  ammonia,  but  much  weaker.  It  is  sduUe  in 
twice  its  weight  of  cold  water.  In  boiling  water,  it  is  volati- 
lized. Its  specific  gravity  is  0*966. 
W^qT  4.  The  solution  of  carbonate  of  ammonia  is  officinal, 
^^^!^  under  the  name  of  water  of  carbonate  of  ammonia.  It  is 
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pwpMPidy  >r  tlie  Iritisfc. cqlkges^  by  djstiBtfig  wkh  wnor  a  owp.iv. 
mixture  of  nydiocUofato  of  amnooui  (mI  amiBoiuac)  and  ^  osMfir* 
qurhn— ft  ef  polaftb*  A  double  deeompoeiuon  takes  place;  mediane. 
the  hydrochloric  acid  aod  potash  combine,  so  as  to  forns* 
ahkride  of  potassium  and  wsstr^  the  Ibnner  of  which  re- 
mains in  the  retort;  while  the  carbonic  acid  and  ammoDiay 
iai  a  state  of  eombinaiioni  are  disdiled  over  dissolved  in 
the  water. 

The  carbonate  of  liase  wiU  not  answer  in  the  preparation 
of  this  solution,  as  it  does  not  suffer  decomposition,  in 
eoCitapl  with  the  hydrochlorate,  below  the  heat  of  boiling 
water. 
5«  Carbonate  of  ammonia  is  composed  of  C^mpoii- 

Carbonic  acid        22-— one  atom*  ^*°^ 

Ammoma  17— one  atom. 

Giving  39  for  the  number  representing 
the  weight  of  its  atom.  * 

6.  Carbonate  of  ammonia  is  a  very  important  artick  of  Medi«d 
die  materia  medica*  It  is  a  powerful  stimulant,  and  is  par-  prop«^<«- 
ticularly  suited  to  the  treatment  of  h>w  fevers.   Its  average 
dose  is  about  five  grams,  made  op  in  piDs,  and  given  tverj 
two  or  three  hours.  It  is  very  often  combined  with  opium* 

When  carbonate  of  ammonia  is  exposed  to  the  air,  it 
loses  part  of  its  base,  and  is  co«verted  into  a  bicarbonate; 
but  this  salt  is  not  of  sufficient  importance  to  be  described* 
When  long  or  insecurely  kept,  the  carbonate  loses  a  liurge 
proportion  of  its  ammonia,  on  account  of  its  volatile  nature, 
and  approaches  to  the  state  of  bicarbonate.  It  is  sometimes 
sold  bv  the  apothecaries  containing  but  half  its  proper  quan* 
tity  of  ammonia. 

XL  Phosphate  of  Ammonicu'^^This  salt  may  be  prepared  Phofpiutto 
by  saturating  superphosphate  of  lime,  obtained  from  bones,  ^l™**^ 
with  ammonia*  The  ammonia  combines  with  the  excess  of 
acid,  and,  by  evaporation,  crystals  of  phosphate  of  ammo- 
nia are  obtained.  Its  taste  is  saline,  and  somewhat  bitter.  It 
is  soluble  in  twice  its  weight  of  cold  water.  Its  specific 
gravity  is  1*8051.  In  the  air,  it  undergoes  no  alteration. 
Prom  the  activity  of  its  constituents,  there  is  reason  to  be- 
lieve that  it  might  be  employed  as  a  powerful  and  diffusive 
stimulus. 

XII.  JSydroJluate  o/^jtfmmonfa.-^Usual  chemical  name, 
Fluate  of  Ammonia.— Thin  salt  may  be  formed  by  saturating 
pure  hydrofluoric  acid  with  ammonia.  In  a  liquid  state,  it 
IS  neutral;  but  when  evaporated,  part  of  the  ammonia  flies 
offl  It  does  not  crystallize.  When  exposed  to  heat,  it  dissi- 
pates in  thick  white  vapours.  It  precipitates,  all  the  earthy 
salifiable  bases,  and  all  the  alkaline,  except  potash  and  soda. 
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Book  I.      XIII.  Chbrocorionate  oj 
DjyiMon  11.  neutralizes  four  times  its  volume  of  ammonia* 

XIV.  Borofiuate  of  Ammoniom^'^AmmamtL  combines  in 
three  proportions  with  borofluoric  acid. 

XV.  SiiicoJIuate  of  Ammonia  may  be  formed  by  mixing 
its  constituents  together  in  a  gaseous  state,  it  is  composed 
of  one  volume  of  silicofluoric  acid  and  two  volumes  of 
ammonia. 

XVI.  Sulphocyanate  of  Ammonia  is  a  soluble  uncrystal- 
lizable  salt. 

Fttnrocya.  XVII.  Ferrocyonote  of  Ammonta.-^Formetly  called,  Tri- 
pk  Pruaaiate  of  Ammonia;  Pruaaiate  of  Ammoma-and^Iron. 
—This  is  a  very  soluble,  deliquescent,  crystallizable  salt  of 
a  light  lemon-yellow  colour. 

Urate.  XVIII.  Urate  of  Ammonia.— This  salt  is  a  white  taste- 

less powder,  very  much  resembling  uric  acid.  It  is  a  con- 
stituent in  several  species  of  urinary  calculi.  According  to 
Fourcroy  and  Vauquelin,  some  of  these  concretions  are 
composed  entirely  of  this  salt. 

Parpurtte.  jjlX.  Purpurate  of  Ammonia.— Ht.  Prout  first  obtained 
this  salt  from  the  pink  liquid,  formed  by  the  action  of  di- 
lute nitric  acid  upon  uric  acid,  which  is  a  solution  of  this 
purpurate.  This  salt  is  in  the  form  of  transparent  crystals, 
which  appear  of  a  deep  garnet-red  colour  by  transmitted 
light,  but  brilliant  green  by  reflected  light.  It  is  soluble  in 
16CX)  parts  of  cold  water,  and  in  a  much  smaller  quantity 
of  boiling  water.  The  solution  has  a  beautiful  rose-red  co- 
lour and  a  sweetish  taste,  but  no  smell.  Dr.  Prout  supposes 
that  the  pink  sediment,  deposited  in  the  urine  of  persons 
labouring  under  fevers,  consists  chiefly  of  this  salt.* 

Oxalate.  XX.  Oxalate  of  Ammonia.— This  salt  may  be  formed  by 
saturating  oxalic  acid  with  ammonia,  and  evaporating  the 
solution  until  crystals  form.  It  has  a  bitter  unpleasant  taste^ 
somewhat  like  that  of  hydrochlorate  of  ammonia  (sal  am- 
moniac). It  is  much  used  as  a  re-agent  for  the  detection  of 
lime,  which  it  does  by  precipitating  this  alkaline  base  in 
the  form  of  an  insoluble  oxalate  of  lime. 

Saccinate.  XXI.  Succinate  of  Ammontti.'— This  salt  has  a  sharp, 
bitter  and  cooling  taste.  When  exposed  to  heat,  it  sublimes 
without  decomposition.  It  precipitates  peroxide  of  iron 
from  all  its  solutions  of  a  deep  flesh-red  colour.  It  likewise 
precipitates  mercury.  It  throws  down  none  of  the  alkaline 
or  earthy  salifiable  bases,  except  barytes. 

Aeetnteof      XXII.  Acetate  of  Ammonia.^^This  salt  may  be  formed 

ammoniay 


^Npai 
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by  saturatiiig  acetic  acid  with  aminonia.  It  flsajr  be  obtnned  cba».  it. 
in   crystals    by   cautious   evaporatioD.    The   crystab   >^*^  ^iMivedlB 
long,,  slender   and  flatted,  and  of  a  peari- white  colour,  water. 
Their  taste  is  cooling  and  sweetish,  somewhat  like  that  o^^^TJf^"^' 
a  mixtare  of  sugar  and  nitrate  of  potash  (oitre).  They  are  nrat.  ^ 
very  deliquescenu  When  dissolved  in  water,  they  form  the 
medicinai  preparation  called  water  of  acetate  of  ammonia. 

WATER  OF  ACETATB  OF  AMMONIA. 

(Commonly  called,  Sjririt  o/Mindertrui.) 

1.  This  solution  may  be  formed  by  saturating  carbonate  Pnpan* 
of  ammonia  with  diluted  acetic  acid  (distilled  vinegar).  I^5S|jf^* 
may  be  formed  also,  in  a  state  of  impregnation  with  carbo-  ^^ 
nic  acid,  by  adding  diluted  acetic  acid  to  the  carbonate 
contained  in  a  phial,  which  must  then  be  tightly  corked.  In 
this  way,  the  carbonic  acid,  which  would  otherwise  be  ex- 
tricated, is  made  to  unite  with  the  dissolved  acetate,  whereby 
the  latter  is  rendered  more  pleasant  as  a  medicine. 

S.  The  solution  of  acetate  of  ammonia  is  a  very  valuable  Medml 
medicine.  It  operates  as  a  powerful  sodorific,  without  quick-  ?«*«**•■• 
ening  the  circulation  or  increasing  the  heat  of  the  body.  In 
perturbed  states  of  the  stomach  it  acts  very  effectually  in 
calming  the  irritation  of  this  organ.  It  is  more  particularly 
suited  to  advanced  stages  of  inflammatory  fevers,  where 
the  skin  remains  obstinately  dry.  The  medium  dose  is  half 
an  ounce. 

XXIII.  Tartrate  o/*ilmmoma.— This  salt  has  a  cooling 
bitter  taste,  like  that  of  nitrate  oi  potash  (nitre).  It  is  very 
soluble  in  water* 

XXIV.  Benzoate  of  Amfnonia.'^Tliis  is  a  very  soluble, 
difficultly  crystallizable  and  deliquescent  salt.  It  precipitates 
none  of  the  salifiable  bases  from  their  solutions,  except  the 
oxides  of  iron,  tellurium,  mercury,  and,  perhaps,  of  copper: 
iron  is  thrown  down  of  an  orange  colour,  and  the  other 
metals,  white.  Prom  this  circumstance,  it  has  been  recom- 
mended as  an  excellent  re-agent  for  the  detection  of  iron* 

XXV.  Citrate  of  Ammonia* — ^This  salt  may  be  formed  by  cHrate  or 
dissolving  carbonate  of  ammonia  in  citric  acid.  Its  taste  is  •mmonU. 
cooling  and  moderately  saline.  It  is  not  crystallizable,  unless 

its  solution  be  evaporated  to  the  consistence  of  a  thick  syrup. 
An  extemporaneous  solution  of  this  salt  in  water  may  be  ob- 
taiped  by  dissolving  carbonate  of  ammonia  in  lemon  juice* 
This  solution,  if  swallowed  during  the  extrication  of  the 
carbonic  acid,  forms  a  very  excellent  effervescing  draught. 

Besides  the  salts  of  ammonia,  already  described,  there  Uit  of  nifi 
have  been  more  or  less  examined,  the  selenate,  hydrosele-  ^j^^Jj^J^ 
nate,  tellurate,  borate,  phosphite,  hypophosphite,  arseniate,  ed. 


Bdoii  l  ifrveitttd,  ehromte^  molybdate,  tuagBtetOi  aatiaiMiiilt^  ibv* 
PfaMion  n,  gutte^  lorbate,  sadactate,  mtUM^  caaiphorate,  makitc,  lac- 
tate, flioroxylate,  aubtfate,  aumatc  and  boktate;  but  theae 
lalta  dre  of  too  little  importaace  to  be  described*  The  re» 
maining  salts  of  ammonia,  amoumiDg  in  number  to  15,  aro 
unknown* 

General         The  salts  of  ammonia  agree  in  the  following  parttculars: 

SfX  wui      ^*  '^^y  ^^^  nearly  all  soluble  in  water. 

of  ammo*        2.  They  are  decomposed  by  potasb  and  lime,  which  cause 

*'**  them  to  emit  an  ammoniacal  smell. 

3*  They  are  dissipated  by  the  action  of  heat,  unless  they 
contain  a  fixed  metallic  acid;  in  which  case  such  acid  alone 
remains  behind. 

4.  They  are  precipitated  of  an  orange  colour,  by  solutions 
of  platinum. 


SECTION  II. 

SALTS  OF  POTASH. 

Saiu  of  Salts  or  Potash  are  combinations  of  the  different  acids 
wh^e^m.  ^itti  the  salifiable  base  potash.  The  foUowing  are  the 
pouiKb.  most  important  of  these  compounds. 

L  CHLORATE  OF  POTASH. 
(Formerly  eaUod,  Btfper&xymuriate  ofPoUuh.} 

Chlorate  of     1.  This  salt  may  be  formed  by  saturating  carbonate  of 

{^*i^^_  potash,  diluted  with  six  times  its  weight  of  water,  with 

ed.  chlorine  gas.   Crystals  form  in  the  solution,  which  consist 

of  chlorate  of  potash.   They  may  be  purified  by  solution  in 

boiling  water  and  subsequent  crystallization.  This  salt  was 

discovered  by  fierthollet. 

Proper-         S.  Chlorate  of  potash  has  a  cooling,  austere  and  disagreea<> 

^^  Ue  taste*  It  is  soluble  in  16  parts  of  cold  water,  and  in  2| 

parts  of  boiling  water*  Its  specific  gravity  is  1*989.  When 

rubbed  smardy,  it  emits  a  number  of  sparks*  It  is  not 

altered  by  exposure  to  air.  When  heated  to  redness,  it 

gives  out  one-third  of  its  weight  of  very  pure  oxygen  gas^ 

fmd  is  converted  into  chloride  of  potassium  (muriate  of 

Ezpiodei    potash).   It  explodes  violently  with  almost  all  combustible 

^  «om-  pubstances.  When  triturated,  in  a  mortar,  with  one-third  of 

""^  '***    its  weight  of  sulphur,  a  violent  explosion  takes  place*  The 

same  effect  is  produced,  when  a  similar  mixture  b  struck 

with  a  hammer  on  an  anvil.  The  detonating  property  of 

this  salt  suggested  its  use  to  BerlbdHet  as  a  substitute  for 

nitre  in  the  manu£Beture  of  gunpowder;  but  an  accident, 

which  ocpurred  in  the  first  eiqperimcnt,  and  which  oocft- 
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^ioaad  the  4aA  df  two  :penaiis,  jmr^A  it  tm  lUUe  to  gmavJV. 

^xplosiMi  to  be  emploif  cd  m  a  conBtitneBt  of  this  oompound*  " 
This  ask  delOQflteB  also  irkh  ^K>ipbQnB9  either  hy  nrictaoa 
or  pereutnon;  bat  the  qtiantiiieft  used  of  these  sobstances 
must  not  exceed  a  grain,  otherwise  the  explosions  might  be 
otteftded  with  injury*  It  likewise  detonates^  when  treated 
IB  the  same  W9y^  with  most  of  the  metals,  and  with  sugar, 
gums,  oils  and  aicohoL  When  triturated  in  a  mortar  with  a 
piece  of  cotton  cloth,  small  and  repeated  explosions  are 
beard;  and  if  the  cloth  be  perfectly  dry  and  a  little  warm, 
it  sometimes  takes  ftvt*  When  nkric  acid  is  poured  upon  a 
mixture  of  this  salt  and  phosphorus,  inflammation  takes 
place,  and  flakes  of  fire  are  ea^tted,  at  intervals,  for  some 
time* 

S.  Chlorate  of  potash  is  composed  of  Conpotf- 

Chlonc  acid      0^6--»-one  atom.  ^^' 

Potash  4r6««*<one  atom* 

Giving  124  for  the  number  representing 
the  weight  of  its  atom. 

4*  A  solution  of  the  cUorate  of  potash,  under  the  name  Empte^ etl 
of  oxymuriatic  alkaline  water,  is  an  officinal  preparation  of'^^^l^^^' 
the  Dublin  college.  It  has  been  employed  in  the  treatment 
of  s}rphilis,  under  the  influence  ot  the  theory  that  anti<- 
venereal  remedies  are  efficacious  in  consequence  only  of 
the  oxygen  which  they  contain.  It  has  been  used  also  in 
typhus  and  in  scurvy  as  an  oxidizing  remedy.  The  trials 
which  have  been  made  with  it,  in  these  diseases,  have  not 
realized  the  expectations  entertained  of  its  powers. 

II.  Oxychhrate  of  PotasK^^^Perchhrate  of  Potash  of  Oxyohio- 
Thmnson.*— This  salt  is  formed  by  treating  a  small  quan*'*^^!'*^ 
tity  of  chlorate  of  potash  (50  grains)  with  three  or  four  "^u^? 
times  its  weight  of  strong  sulphuric  acid;  an  intense  action 
takes  place,  and  the  whole  assumes  a  yellow  colour.   After 
the  first  violent  action  b  over,  which  is  occasioned  by  the 
extrication  of  deutoxide  of  chlorine,  apply  heat  to  the  mixr 
ture,  tmtil  its  yellow  colour  disappears,  and  let  it  stand  to 
crystaUize.  The  salt  obtained  is  oxychlorate  of  potash,  mixed 
with  some  bisulphate  of  potash.  The  bisulphate  asajr  be 
separated  by  dissolving  die  crystals^  and  submittiog  them 
to  a  second  crystallizatioD. 

This  salt  was  first  obtained  by  Count  Von  Stadion,  who  Proper- 
discovered  it  to  be  composed  of  a  peculiar  acid,  previously  ^>»- 
unknown,  united  to  potash.  It  has  a  weak  taste*  It  is  not 
altered  by  exposure  to  the  air.  It  dissolves  in  5S  parts  of 
cold  water,'  and  in  a  smaller  quiintity  of  boiKng  water. 
When  triuirated  tn  a^  mortar  with  sulphur,  it  detonates 
feebly.  When  heated  to  the  temperature  of  412^,  it  is 
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Book  l   decomposed  iitto  chloride  of  potassimn  (muriate  of  potash) 
PivMioo  IL  ^n^i^  oxygen  gas*  When  mixed  with  its  owa  weight  of  sul- 
phuric acid,  and  exposed  to  a  heat  of  280P«  in  a  retort,  it 
is  decomposed;  sulphate  of  potash  is  formed,  and  its  pecu* 
liar  acid  distik  over. 
Noneh         III.  Hydrochlorate  of  Potosh  doe9  not  exisU  When  hy* 
SbM?i^^'  drochlohc  acid  and  potash  come  in  contact,  they  mutoaUf 
nu  of  pot- decompose  each  other*  The  hydrogen  of  the  acid  combines 
with  the  oxygen  of  the  potash,  forming  water;  while  the 
chlorine  of  the  former  combines  with  the  metallic  radical 
of  the  latter,  and  forms  chloride  of  potas«um«  This  chloride 
is  usually  known  by  the  name  of  muriate  of  potash* 
lodato  «f        IV*  lodate  of  Po^a«A«— This  salt  may  faie  obtained  by 
^^^^'^       dissolving  iodine   in  a  solution  of  potash,  and  digesting 
the  crysuls  thereby  formed  in  alcohol,  to  dissolve  away 
some  hydriodate  of  potash,  with  which  they  are  mixed.  They 
then  consist  of  pure  iodate  of  potash*  This  salt  is  not  altered 
by  exposure  to  air*  When  heated  to  redness,  it  is  decom- 
posed, oxygen  gas  is  evolved,  and  iodide  of  potassium  re- 
mains behind* 
Hjrdrio-  V*  Hydriodate  of  Poto^A*— This  salt  may  be  formed 

^^  by  dissolving  carbonate  of  potash  in  hydriodic  acid*  An 
eflpervescence  takes  place,  and  a  solution  of  the  salt  is  ob- 
tained* It  exists  in  solution  only*  Whenever  the  attempt  is 
made  to  obtain  it  in  crystals,  it  becomes  decomposed,  and 
crystals  of  iodide  of  potassium  are  formed* 

VI.  SULPHATE  OF  POTASH. 

(Formerly  called,  Vitriolated  Tartar. '•^Vitriolated  Vegetable  MkaU, 
Old  names,  Sal  de  duobtt9,-^Sal  Pohfchretttu  Guueri,  &c.) 

Salphateof  1*  This  salt  may  be  formed  by  saturating  a  diluted  solu- 
P'^^  ^  tion  of  potash  with  sulphuric  acid,  and  exposing  the  liquid 
ed.  formed  to  slow  evaporation,  until  crystals  make  their  ap- 

pearance* 
PrepMm*        3*  For  the  purposes  of  medicine,  this  salt  is  not  often 
•**^  Sf  *"*  prepared  by  the  direct  combination  of  its  constituents*   A 
Qine.    '     sulphate  of  potash  is  very  often  formed  in  the  residuum  of 
various  pharmaceutical  processes;  and  may  be  obtained  very 
economically*  In  the  formation  of  the  fuming  nitrous  acid, 
which  is  effected  by  the  decomposition  of  nitrate  of  potash 
(nitre)  by  means  of  sulphuric  acid,   the  residuum   is  a 
supersulphate  of  potash*  By  saturating  this  supersulphate 
with  carbonate  of  potash,  dissolving  it  in  warm  water,  and 
crystallizing  it,  pure  sulphate  of  potash  may  be  obtained* 

S*  This  salt  may  be  obtained  also  by  double  decomposi- 
tion from  carbonate  of  potash  (salt  of  tartar)  and  sulphate 
of  iron  (green  vitriol).   When  the  sulphate  of  iron  in  solu- 
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tion  is  added  to  a  iolutioii  of  carbcmftte  of  potash;  a  vety  Csiv.  iv. 
pure  carbonate  of  iron  precipitates,  while  sulphate  of  potash  -**-""'*—" 
remains  in  sirfution.  In  this  vay  the  operator  may  obtain 
two  useful  medicinal  preparations  in  one  chemical  process* 

4.  It  may  be  mentioned,  that,  in  addition  to  these  methods, 
sulphate  of  potash  may  be  obtained  from  die  residuum  of 
the  process  laid  down  by  the  colleges  for  obtaining  carbo- 
nate of  magnesia  (common  magoesta).  It  is  directed  to 
decompose  sulphate  of  magnesia  (Epsom  salt)  by  means 
of  carbonate  of  potash.  A  carbonate  of  magnesia  is  precipi- 
tated, while  a  sulphate  of  potash  remains  in  solution. 

5*  When  equal  parts  of  nitre  and  flowers  of  sulphur  are  Sal  polv- 
mixed  together  and  deflagrated  in  a  red-hot  crucible,  the  J^'^. 
resulting  mass  is  a  salt,  which  is  called  sulphate  of  potash 
with  sulphur,  or  sal  polychrest.  As  this  salt,  when  examin- 
ed, b  not  found  to  differ  from  sulphate  of  potash,  this  the  tame  as 
name  cannot  be  correctly  applied  to  it.  The  rationale  of  its  ^^ll^^  ^ 
formatioo  would  seem  to  be,  that  the  sulphur,  after  being 
acidified  at  the  expense  of  the  decomposed  acid  of  the 
nitrate,  combines  with  the  potash  of  this  sidt.    Hence,  sal 
polychrest  may  be  considered  as  nearly  synonymous  with 
su^hate  of  potash* 

6.  Sulphate  of  potash  is  in  the  form  of  small,  transparent,  fVopertks 
very  hard  crystals*  It  has  a  disagreeable  bitter  taste.  It  dis  ^  ^{^^ 
solves  in  16  times  its  weight  of  cold  water,  and  in  5  times 

its  weight  of  boiling  water.  Exposure  to  the  air  produces 
no  alteration.  It  decrepitates  when  placed  on  burning  coals. 

7.  In  medicine,  it  is  used  in  small  doses  as  an  aperient;  Medical 
in  large  ones  (four  or  five  drachms)  as  a  mild  cathartic.  prop«>^^ 
Combined  with  ipecacuanha  and  opium,  it  forms  the  powder 

of  ipecacuan  and  opium,  formerly  called  Dover's  powder. 

VII.  Sulphite  of  Potash.Sulphur(nu  Salt  of  StahL-^TWi^  SuiphHe  of 
salt  may  be  formed  by  passing  sulphurous  acid  into  a  satu-  P^^^^* 
rated  solution  of  carbonate  of  potash,  until  all  effervescence 
ceases.  It  is  in  the  form  of  white  transparent  crystals.  Its 

taste  is  penetrating  and  sulphureous.  It  is  soluble  in  its 
own  weight  of  cold  water.  When  exposed  to  the  air,  it 
scarcely  changes  its  appearance,  and  is  gradually  converted 
into  sulphate  of  potash. 

VIII.  Hydrosulphate  o/*  Pofa^A.— -Usual  chemical  name,  Hydroaat- 
Hydrosulphurtt  of  P^^a*A.— This  salt  may  be  formed  by  p>»t«  of 
saturating  potash  with  hydrosulphuric  acid;  or  by  dissolv-  ^ 

ing  sulphuret  of  potash  in  water.  It  is  in  the  form  of  trans- 
parent colourless  crystals,  not  unlike  those  of  sulphate  of 
soda  (Glauber's  salt).  Its  taste  is  alkaline  and  extremely 
bitter.  In  the  air,  it  deliquesces  into  a  syrupy  liquid,  and 
is  converted  into  sulphate  of  potash.  In  the  form  of  'crys- 
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Book  I.  tals,  it  has  no  smell;  but,  after  having  deliquesced,  it  emits 
DivigionlL  ^  y^^  £^jjj  odouT.  It  IS  decomposed  by  acids,  hydrosul- 
Medical  phuric  acid  being  evolved  with  violent  effervescence*  It  has 
been  used  internally  as  an  antidote  to  metallic  poisons  and 
for  the  purpose  of  restraining  excessive  salivations,  and 
in  cutaneous  afftrctions.  It  has  been  used  successfully  for 
the  cure  of  tenia  capitis  and  psora.  It  was  this  salt  which 
was  recommended,  in  the  treatise  on  croup,  by  one  of  the 
successful  candidates  for  the  prize  proposed  by  Bonaparte 
for  the  best  dissertation  on  this  disease. 


H^drosul- 
yhite. 


Uydraial- 
phatet  and 
mdrotuU 
phitei  of 
alkaline 
baiea,  used 
as  metallie 
preeipi- 
tants;  and 


Uie  two  last 

deseribed. 

salts. 


IX.  Hydrosulphite  of  Potash. — Usual  chemical  name, 
Hydroguretted  Sulphuret  of  Pofa^yA.— This  salt  may  be 
formed,  to  all  appearance  the  same,  by  different  processes, 
but  differing  somewhat  in  the  quantity  of  sulphuretted  hy- 
drogen, which  it  may  yield  by  means  6f  acids.  It  may  be 
formed  by  mixing  together  hydrate  of  potash  and  flowers 
of  sulphur  in  a  phial.  It  is  also  formed,  when  liquid  potash 
is  kept  ten  or  twelve  hours  upon  flowers  of  sulphur,  or 
when  sulphuret  of  potash  is  moistened  with  water.  The 
formation  of  the  salt  depends  upon  the  decomposition  of 
water,  and  the  consequent  production  of  a  portion  of  hydro- 
sulphuric  acid,  which,  combining  with  an  additional  portion 
of  sulphur,  becomes  hydrosulphurous  acid  (hydroguretted 
sulphur)  and,  thus  altered,  unites  with  the  potash.  It  is  in  the 
form  of  a  liquid  of  a  deep  red  colour.  Sometimes  it  has 
no  smell;  at  other  times  it  exhales  the  smell  of  radishes, 
and  after  being  kept,  that  of  hydrosulphuric  acid.  Its  taste 
is  acrid,  and,  as  it  were,  bitter  and  cooling.  It  attacks,  all 
metals  with  great  energy,  converting  them  generally  to  the 
state  of  sulphurets. 

The  hydrosulphates  and  hydrosulpbites  of  the  alkaline 
salifiable  bases  have  the  property  of  precipitating  all  metal- 
lic solutions,  except  that  of  rhodium;  some  modification  of 
the  acids  of  these  salts,  falling  down  in  combination  with  the 
metal  present.  Hence  they  become  very  valuable  tests  of 
metallic  bodies;  more  especially  as  they  do  not  precipitate 
any  of  the  earthy  salifiable  bases,  except  alumina  and  zir- 
conia;  and  these  are  thrown  down  in  combination  with  the 
base  of  the  hydrosulphate  or  hydrosulphite  employed,  hy- 
drosulphuric acid  (sulphuretted  hydrogen)  being  at  the 
same  time  evolved.  As,  in  these  precipitations,  the  two 
last  described  salts  arc  generally  preferred,  a  table  of  the 
precipitates  produced  by  them  is  annexed. 
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Meulfl. 


Cbromiam. 

Molybdenam. 

CoiamhiBin. 

AntimoDj. 

Tellariam. 

Iron. 

Nickel 

Cobalt 

Bfanganeie. 

Cerium. 

Craniam. 

Zioe. 


Tin. 

Copper. 

Bismutii. 

Mercujy. 

Silver. 

Gold. 

Platinam. 

PftUailium. 

Titanium. 


I       Precipitated  ^ 
Hydroiolpbate  oC  potaah. 


Yellow. 

X^reen. 

Reddiah-brovn. 

Cboeolate. 

Omnge. 

Black? 

BiMk. 

Black. 

Black. 

White. 

Brown. 

Bi-own. 

White. 

Black. 

BUek. 

Btack. 

Blaek. 

Biown-blaek. 

Black. 

BJaek. 

Blaek. 

Black. 

Gra>a«green. 


"Precipitated  by 
Hydroaulpbite  of  potaah. 


Yellow. 


Orange-yellow. 

Deep-brown,  or  blaek. 

Blaek,  beGoauDg  yeUow. 

Black. 

Black. 

White. 


White. 

White,  beeoming  blaek. 

Black. 

Brown. 

Blaek. 

Brown,  becoming  black. 

Black. 

Bhiek. 

Black. 


Table  of 
their  preei- 
pltatioot. 


By  the  above  tabic,  it  is  perceived  that,  in  some  cases, 
the  metal  in  solution  may  be  distinguished  by  the  colour  of 
the  precipitate  formed. 


X.  NITRATE  OP  POTASH. 

(Common  namet,  JVttre,-^ Saltpetre.) 

1.  The  chemist  is  not  under  the  necessity  of  forming 
this  salt  by  direct  combination.  It  is  found  native  in  differ- 
ent parts  of  the  world,  particularly  in  the  East  Indies,  and 
in  the  United  States.  It  is  formed  artificially,  in  France  and 
Germany,  in  what  are  called  nitre  beds,  which  consist  of 
putrefying  animal  and  vegetable  remains,  mixed  with  some 
calcareous  substance,  and  exposed  to  a  dry  atmosphere;  a 
certain  degree  of  heat  is  also  necessary.  It  is  extracted 
from  these  materials,  when  formed  in  sufficient  quantities, 
by  lixiviation  and  crystallization. 

2.  It  is  not  easy  to  understand  the  manner  in  which  this 
salt  is  formed  in  artificial  nitre  beds.  Since  the  discovery  of 
the  constituents  of  nitric  acid,  it  may  not  be  difficult  to 
account  for  the  formation  of  the  acid  of  the  salt.  It  is 
generally  supposed  that  azote,  in  the  nascent  form,  extricat- 
ed from  the  putrefying  animal  substances,  combines  with 
the  oxygen  of  the  air.  The  potash,  perhaps,  is  derived 
from  the  vegetable  part  of  the  bed,  and  from  the  soiL 

3.  Nitrate  of  potash  is  in  the  form  of  pretty  large  crys- 


Nitrate  of 
potaah; 
formed  ar- 
tificiallj  fai 
nitre  beda. 


Manner  of 
formation^ 
not  easily 
explained. 
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BmkI.   tals,  of  a  sharp,  bitterish,  cooling  taste*  It  is  soluUe  in 
Biviikm  11.  seven  times  its  weight  of  cold  water,  and  in  rather  less 
than  its  own  weight  of  boiling  wat«r«    It  is  not  altered  by 
exposure  to  air.  Its  specific  gravity  is  t*933. 
Effeetsof       4*  When  this  salt  in  solution  is  exposed  to  a  boiling 
^^^         heat,  it  is  in  part  evaporated  along  with  the  water.   When 
subjected  to  a  strong  heat,  it  meks,  and  congeab  upon 
cooling  into  an  opaque  mass.   When  heated  to  redness^  it 
begins  to  disengage  oxygen  gas;  and  if  the  same  heat  be 
kept  up  for  some  time,  about  one-third  of  its  weight  of 
this  gas  may  be  obtidned.    Afterwards,  if  the  heat  be  con* 
tinued,  azotic  gas  is  evolved* 
Detonttet       5^  When  mixed  with  combustibles,  it  detonates  violently. 
bostiUtoii!'   When  thrown  into  a  red>hot  crucible  with  an  equal  quan- 
tity of  charcoal,  a  detonation  and  most  brilliant  combus- 
tion take  place.  The  charcoal  becomes  acidified,  and  at  the 
same  time  the  nitric  acid  is  entirely  decomposed;  while  the 
fixed  product  is  carbonate  of  pota^  The  carbonate  of  pot- 
ash, when  thus  formed,  was  lormerly  called  nitre  fixed  by 
charcoal*  When  phosphorus  is  used  instead  of  charcoal,  a 
more  violent  detonation  is  produced.    It  is  capable  of  oxi- 
dizing all  the  metals;  not  excepting  gold  or  platinum. 
CompoM-        6.  Nitrate  of  potash  is  composed  of 
^°^^  Nitric  acid         54— one  atom. 

Potash  48— one  atom* 

Giving  103  for  the  number  represent- 
ing the  weight  of  its  atom. 
Uietofni.      /•  Nitrate  of  potash  has  many  uses  in  the  arts.  It  is  this 
tmeorpot-  gjj^^  which  furnishes  all  the  nitric  acid,  which  is  mannfac- 
tured.  When  burnt  with  bitartrate  of  potash  (tartar),  it  fur- 
nishes a  very  pure  carbonate  of  potasti.  It  is  very  useful  in 
the  assaying  of  vaHous  ores,  and  in  the  analysis  of  many 
A  coropo-   animal  and  vegetable  substances.  But  by  far  its  most  im- 
nent  part    portaut  use  is  as  a  constituent  in  mnpowder.  One  hundred 

of  KUnpow-  *^  r    1  •  1  *i      r 

derT  parts  of  this  powder  are  composed  of 

76  parts  of  nitrate  of  potash. 
15  charcoal;  and 

9  sulphur. 

Gonpow-  In  the  formation  of  gunpowder,  these  ingredients  are 
^^  ^  ^'^^  separately  reduced  to  a  fine  powder,  then  mixed  inti- 
mately, and  formed  into  a  paste  with  water.  After  this  paste 
has  dried  a  little,  it  is  forced  through  a  kind  of  sieve.  It  is 
in  this  manner  reduced  to  grains  of  a  determinate  size*  The 
powder,^  when  thus  prepared,  is  dried,  and  then  subjected  to 
a  rotary  motion  in  barrels,  which  are  turned  on  their 
axes*  By  this  operation,  the  grains  constantly  rub  agdiftst 
each  other,  and  become  in  some   degree  polished.  After 
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undergcmig  the  pvocess  kst  mentioatdy  it  is  called  gboed  Cbaf.iy. 
gunpowder.  — ^— — 

The  ezplotion  of  gimpowder  ia  the  open  air  ii  familiar  Bxpiodei 
to  every  one;  but  it  has  this  same  property,  when  heated,  to  '^  ^**<*^ 
the  requisite  point,  even  in  a  vacuum.  The  gaseous  products  Prodnott  of 
of  the  combustion  of  gunpowder  are  carbonic  acid  gas^J^'i^^' 
azotic  gas,  sulphurous  acid  gas,  and  probaUy  hydrosulphu- 
ric  acid  gas,  (suiphnietted  l^rogen).  The  fixed  products 
are  potash  combined  with  anmaW  portion  of  carbonic  acid, 
sulpiiate  of  potash,  a  small -<|uantity  of  sulphuret  of  potash, 
and  uocoosumed  charcoal. 

Nitrate  of  potash,  deflagrated  in  a  crucible  with  bitartrate  Nitrate  of 
of  potash  (tartar),  forms  white  and  black  flux*  When  these  ^^|^" 
salu  are  used  in  equal  parts,  the  product  of  the  deflagration  forming 
18  a  mixture  of  earbmate  of 'potash  and  pure  potash,  or  ^hite  mmI 
white  flux.  When  the  propcvrtions  used  are  two  parts  of  ^' 

bitartrate  of  potash  and  one  part  of  nitrate  of  potash,  the 
product  is  a  mixture  of  carbonate  of  potash  and  charcoal, 
or  black  flux.  The  charcoal  in  these  processes  is  furnished 
by  the  decomposition  of  the  tartaric  acid. 

8.  Nitrate  of  potash  is  very  extensively  employed  in  me-  It  pomcmm 
dicine.  Its  general  operation  is  that  of  an  antiphlogistic  '™JJ{^|[f 
remedy.  It  diminishes  the  heat  of  the  bodv  and  the  fulness  powen. 
of  the  pulse.  It  increases  the  secretion  oi  both  sweat  and 
urine,  and  acts  upon  the  boweb  so  as  to  keep  them  in  a  so- 
luble condition.  Its  use,  however,  cannot  be  long  continued 
-wnthout  danger  of  injuring  the  stomach.  The  usual  dose  is 
irom  ten  to  twenty  grains,  repeated  every  two  or  three  hours 
during  the  day.  In  larger  doses  of  an  ounce,  to  which  ex- 
tent it  has  been  taken  on  some  occasions  by  mistake  for 
sulphate  of  soda  (Glauber's  salt),  it  produces  very  alarming 
symptoms,  such  as  vomiting  and  purging  of  blood,  and  con- 
vulsions, which  sometimes  terminate  fatally. 

Potash  combines  in  two  proportions  with  carbonic  acid,  and  Potuh 
forms  carbonate  and  bicarbonate  of  potash.  MUsViTh 

«arbQiiie 
XL  CARBONATE  OF  POTASH.  aeid. 

Old  namea.  Fixed  Mtre.-^Salt  <(f  Tartar^'^^MUd  VegtUMe  AlicaU. 

1.  This  salt  may  be  obtained  by  incinerating  bitartrate  of  i.  Carbo- 
potash  (tartar).  In  this  operation,  the  tartaric  acid  of  ^c^^h^^ov^' 
bitartrate  is  wholly  decomposed,  and  the  carbonic  acid,  obtained, 
formed  during  its  decomposition,  combines  with  its  potash. 

When  obtained  by  this  process,  it  was  formerly  called  salt 
of  tartar. 

2.  It  may  be  obtained  also,  tolerably  pure,  by  exposing 
impure  carbonate  of  potash  (the.  pearl  ash  of  commerce)  to 


302 


SALTS. 


Book  I.   a  low  red  beat,  in  order  to  bum  oS  the  combuatible  impu- 
Diviwon  II.  ritics,  and  afterwards,  by  mixing  tbe  mass  obtained  withaa 
equal  weight  of  water,  allowing  the  dregs  to  subside,  de- 
canting the  pure  liquor,  and  evaporating  it. to  dryness  in  an 
iron  vessel. 
How  db-         3.  Carbonate  of  potash,  in  the  large  way  and  for  the  pur« 
tallied  in     poses  of  Commerce,  is  prepared  by  lixiviating  the  ashes  of 
wi^j.*^    vegetables,  in  barrels,  first  with  cold  water,  and  afterwards 
with  hot«   The  liquor  for meil^ after  being  filtered,  is  eva- 
porated to  dryness  in  an  iron  pot.  The  dry  mass  thus  ob« 
tained  is  called  potashes,  and  has  a  brown  or  black  colour, 
owing  to  the  presence  of  some  vegetable  matters.  To  get 
rid  of  these  matters,  the  potashes  are  exposed  to  heat,  in  a 
reverberatory  furnace,  whereby  every  thing  oombustible  is 
dissipated,  and  the   mass,  'made  to  assume  a  light  grey 
colour.  In  this  stage  of  its  purification,  carbonate  of  potash 
is  called  pearl  ash. 
Carbonate       Carbonate  of  potash  of  commerce,  besides  .the  pure  car* 
of  com-      bonate,  contains  the  sulphates  of  potash  and  lime,  and  chlo* 

neree  con-    'jr^'  r  ■  r^i_\ 

tains  impa-  I'^de  ot  potassium  (munate  of  potash.) 
ritics.  4.  Impure  carbonate  of  potash  (potashes  of  commerce)  is 

prepared,  in  the  largest  quantities,  in  the  United  States  and 
in  Canada,  and  on  the  shores  of  the  Baltic;  in  which  parts 
of  the  world,  immense  forests  furnish  inexhaustible  mate- 
rials for  the  iformation  of  this  important  substance* 
Cheroicii        S.  Carbonate  of  potash  was  long  considered  to  be  a  simple 
n*^"|j«<^    substance.  Its  causticity,  produced  when  treated  with  lime, 
of  potash     ^as  not  suspected  to  depend  upon  a  decomposition*  Meyer 
remained    of  Germany  explained  this  circumstance  by  supposing  that 
ankrowD?^  there  became  combined  with  common  potash,  when  convert- 
ed to  the  caustic  state,  a  certain  acid,  which  was  separated, 
whenever  it  lost  its  causticity.  This  same  theory,  he  apptied 
to  lime.  It  was  reserved,  however,  for  Black  to  give  the  true 
explanation  of  the  difference  between  caustic  and   mild 
potash,  in  consequence  of  his  discovery  of  carbonic  acid* 
Its  pnni-    This  chemist  ascertained,  that,  when  common  potash  is 
inau  con-   made  caustic  by  lime,  the  carbonic  acid  of  the  former  is 
dbHKn^red  transferred  to  the  latter,  which  thereby  becomes  carbonate 
by  Black,    of  lime  (chalk);  and  that  common  potash,  deprived  of  its 
carbonic  acid,  becomes  caustic,  potash.   Black,  therefore, 
may  be  considered  as  the  discoverer  of  the  proximate  con- 
stituents of  carbonate  of  potash. 
Properties      6.  Carbonate  of  potash  has  a  strong  alkaline  taste,  and 
•f  carbp-     jicts  with  considerable  energy  upon  animal  and  vegetable 
^1^    ^  '  substances.  When  exposed  to  the  air,  it  deliquesces  and  as- 
sumes the  consistency  of  an  oiL  It  does  not  absorb  carbonic 
acid  from  the  atmosphere. 
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7.  The  flolution  of  the  carbonate  of  potash  is  an  oiEcinal  Grif.iv. 
preparation.  When  obtained  by  exposing  the  carbonate  to  luioiuUon, 
the  atmosphere,  in  a  moist  place,  it  was  formerly  called  »n  officinal 
okum  tartari  per  deltquium  (oil  of  tartar  by  deliquescence).  }-J]|JJ*'*' 
It  is  in  this  way  that  it  is  prepared  by  the  London  college, 
under  the  name  of  water  of  prepared  kali.  The  Dublin  col- 
lege form  the  solution  by  dissolving  the  common  carbonate 

of  potash  in  an  equal  weight  of  water,  and  call  it  mild  ley. 
It  would  be  preferable  to  form  it  by  dissolving  the  crystal- 
lized carbonate  in  a  determinate  quantity  of  water. 

8.  Carbonate  of  potash  is  composed  of  Composi- 

Carbonic  acid        22— -one  atom.  ^°^ 

Potash  48— one  atom. 

Giving  70  for  the  number  represent- 
ing the  weight  of  its  atom.  . 

9.  Carbonate  of  potash  is  frequently  used  in  medicine.  Medieil 
It  is  a  very  powerful  diureti^^  and  has  considerable  in-  P">P*'^**- 
fluence  over  the  hepatic  system.  It  is  very  much  employed 

in  the  formation  of  eiFervescing  mixtures,  which  consist  of 
the  carbonate,  dissolved  in  some  diluted  acid.  For  this  pur- 
pose, vinegar,  cyder,  or  lemon  juice  may  be  employed. 
These  acid  liquors  displace  the  carbonic  acid,  creating  the 
effervescence,  during  which  the  medicine  must  be  swallow- 
ed. The  principal  intention  of  these  mixtures  is  to  calm  ir- 
ritation of  the  stomach. 

XII.  BICAKBONATB  OF  POTASH. 

1.  This   salt  may  be  formed  by  passing  carbonic  acid  9. 31011410- 
through  a  solution  of  carbonate  of  potash,  until  it  refuses  HJhfhoJT* 
to  absorb  any  more;  or  by  distilling  the  carbonate  of  potash  obuined. 
with  carbonate  of  ammonia.  In  this  process  the  carbonate 

of  potash  always  lets  fall  a  portion  of  silica.  This  salt  is  not 
deliquescent  like  the  carbonate,  but  remains  unaltered  in 
the  air.  Its  taste  is  alkaline,  but  not  caustic.  It  dissolves  in 
four  times  its  weight  of  cold  water,  and  in  a  much  smaller 
quantity  of  hot  water.  Heat  deprives  it  of  water  and  a  part 
of  its  acid,  but  does  not  decompose  it  entirely. 

2.  Bicarbonate  of  potash  is  composed  of  CompoiU 

Carbonic  acid  44— two  atoms.  *'^' 

Potash  48<— one  atom. 

Giving  92  for  the  number  represent- 
ing the  weight  of  its'  atom. 

3.  This  salt  in  solution  constitutes  the  solution  of  the  Medical 
super-carbonate  of  potash  of  the  Edinburgh  college*   For 
internal  use,  it  is  a  much  preferable  preparation  of  potash, 
to  the  deliquesced  or  dissolved  carbonate;  being  much  more 
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Book  I.  pleasftBt  to  the  taste,  and  leas  apt  to  olIeDd  the  atomach.  It 
Diviaion  IL  |g^  iq  fget,  ihe  only  preparation  of  potath,  which  can  be  givem 
in  large  doees  conveniendy,  for  any  length  of  time,  in  eal- 
culoos  cases.  When  diluted  to  the  degree  directed  by  the 
Edinburgh  college,  it  may  be  taken  to  the  extent  of  six  or 
eight  ounces,  two  or  three  times  a  day. 

forms  two  Potash  combines  in  two  proportions  with  araenk  acid,  and 
laiuyith        forms  arscniate  and  binarseniate  of  potash* 

1.  Aneni-       XIII.  Arscntate  of  Potash  may  be  obtained  by  saturating 
ate  of  pot*  carbonate  of  potash  with  arsenic  acid.  It  is  an  uncrystalliza- 
ble  deliquescent  salt.  It  is  not  used  in  medicine. 

XIY.  BINARSfiKIATE  OF  POTASH. 

Anemeal  Mtitral  Salt  of  Maoquer. 

8.  Binar-        I*  Binarseniate*  of  potash  may  be  formed  by  distilling,  in 

ao&iate.      a  retort,  equal  parts  of  nitrate  of  potash  (nitre)  and  arseni- 

ous  acid.  A  salme  mass  is  obtained,  which,  upon  solution  in 

hot  water  and  proper  evaporation,  yields  transparent  crys- 

•    tals  of  this  salt. 

2.  This  salt  is  soluble  in  water,  and  gives  a  red  colour  to 
vegetable  blues.  It  is  permanent  in  the  atmosphere.  It  is 
someUmes  used  in  medicine. 

XV.  ARSBHrre  OP  POTASH. 

Anenite  of  !•  Arscnite  of  potash  may  be  formed  by  saturating  a  so- 
potasMow  lution  of  carbonate  of  potash  with  arsenious  acid  Twhite 
^'^'^'"*^'     oxide  of  arsenic).  It  is  in  the  form  of  a  yellow  viscid  liquid, 

which  does  not  crystallize. 
Biiuted  3*  l^^s  salt,  when  largely  diluted  with  water,  constitutes 

with  water»  the  celebrated  arsenical  solution  of  Fowler. 
Fowier^B         [^]  T^^^  solution  is  formed  by  boiling  sixty-four  grains 
•olutioo.     of  arsenious  acid  with  an  equal  quantity  of  carbonate  of 
potash,  until  the  former  is  entirely  dissolved,  and  adding  &o 
much  pure  water  as  will  increase  the  solution  to  one  pound. 
Anenie         [S]  ^t  is  in  the  form  of  Fowler's  solution  that  arsenic  is 
^exmiXj    most  commonly  exhibited.  It  is  not  easy  to  explain,  in 
niedicioer  S^n^>^  terms,  the  operation  of  this  solution  upon  the  living 
inthisfbrm.  system,  or  that  of  any  of  the  preparations  of  arsenic,  when 
given  as  medicines.  It  is  very  often  prescribed  in  intermit- 
tent fever,  over  which  disease  it  exerts  a  very  powerful  in- 
fluence. In  hectic  fever,  it  has  been  used,  on  many  occasions, 
with  tetnporary  advantage,  but  not  perhaps   with  lasting 
benefit.  The  medicine,  when  used  too  long  or  in  too  large 
doses,  is  very  apt  to  produce  anasarcous  swellings,  the  ap* 
pearance  of  whkh  is  the  signal  for  its  discontinua'nce. 
The  dose  tdtht  solution  of  anienite  of  potash  (Fowler's 
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solution)  18  from  two  to  twelve  drops,  twice  or  dirice  a  day^  Caip.  iv. 
according  to  the  age  and  other  circumstances  of  the  patient.         •    — 
It  is  a  good  rule,  however,  always  to  begin  with  small 
doses,  and  afterwards  if  necessary  to  increase  them. 

XVI.  Hydrofluate  of  jR9/a«^«— -Usual  chemical  name,  HjdraSn. 
Filiate  of  Potash.-'^This  salt  may  be  formed  by  pouring  a'^^^'fp^- 
solution  of  potash  into  hydrofluoric  acid.  A  combination*^* 
takes  place  with  the  evolution  of  much  heat.  This  salt  has 

a  very  sharp  taste;  and  is  difficultly  crystallizable,  deliques- 
cent and  soluble.  When  exposed  to  heat,  it  first  undergoes 
the  aqueous  and  then  the  igneous  fusion.  • 

XVII.  SUicofluate  of  Potash.^-'Fluoatlicate  of  Potash  of  SiUMaoate. 
Dr.  Thomson.««-This  salt  may  be  formed  by  dropping  into 

a  solution  of  silicofluoric  acid,  a  solution  of  carbonate  of 
potash.  When  first  precipitated  it  is  gelatinous,  but  when 
dried  it  becomes  white  like  chalk.  It  has  an  acid  taste.  It 
is  soluble  in  about  150  parts  of  boiling  water;  and  it  partly 
precipitates  as  the  water  cools.  When  strongly  heated,  it 
loses  its  acid,  and  melts  into  a  glass. 

XVIII.  Sulphocyanate  of  Po^o^A.^-This  is  a  deliques-  SaipKoey- 
cent  salt,  which  is  capable,  according  to  Porrett,  of  uniting  ^^^ 
with  cyanodide  of  mercury,  and  forming  a  compound  in  the 

form  of  crystals  of  a  beautiful  silvery  lustre. 

XIX.  FERROCTANATB  OP  POTASH. 

Uaaal  flhemioal  namet,  Prwdate  of  Poituh-iutd-JiroH"  Triple  Pruanate  rf 
T'o^otA.^Old  names,  Pruman  AUcali^Phhgi9Hcated  MkalL 

1.  This  salt  may  be  formed  by  the  following  process:  Ferroeyan- 
Dissolve  potash,  quite  pure,  in  six  times  its  weight  of  J^/^JP^" 
water,  and  place  it  in  a  glass  vessel  in  a  sand  bath,  exposed  obtained. 
to  a  heat  of  \7CP  or  180^.  To  this  solution,  add  perferro- 
cyanate  of  iron  (Prussian  blue)  in  powder,  as  long  as  this 

salt  becomes  grey  by  the  action  of  the  potash.  Thep  increase 
the  heat  to  212^,  and  keep  it  at  this  point  for  half  an  hour. 
Filter  the  liquid,  thus  obtained,  and  saturate  it  with  sulphu- 
ric acid,  moderately  diluted.  The  precipitate  thereby  formed 
must  then  be  separated  by  the  filter.  Now  evaporate  the 
filtered  liquor  to  one^fourdi,  and  set  it  by  to  crystallize.  In 
a  few  days,  a  number  of  crystals  will  be  deposited,  some  of 
which  will  be  of  a  yellow  colour.  Pick  out  these  from  the 
rest,  which  consist  of  sulphate  of  potash,  and  dissolve  them 
in  four  times  their  weight  of  cold  water,  and  re-crystallize. 
The  crystals  thus  obtained  will  be  pure  ferrocyanate  of 
potash. 

2.  This  salt,  when  pure,  is  in  the  form  of  transparent 
crystals  of  a  pale  yellow  colour.  In  order  to  be  perfectlv 
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fltooKL   preserved,  it  should  be  kept,  in  alcohol,  in  n  well  stopped 

IMvfiiaii  11.  y|j|1 

Terr  maeh     3.  This  sslt  IS  by  far  the  most  useful  test  of  metallic  sub* 
M^aiStfor  s^^^^  known*  It  throws  down  almost  all  the  metals  from 
^ir  solutions,  and  from  the  amount  and  colour  of  the  pre- 
cipitate, the  particular  metal  in  solution,  and  its  proportion 
may  in  many  cases  be  ascertained.  From  its  great  utility  as 
a  re-agent,  it  becomes  of  the  utmost  importance  to  the 
chemist  that  it  should  be  prepared  perfectly  pure.  For  this 
reason,  several  distinguished  chemists  have  investigated 
*    every  cause  of  impurity,  and  given  rules  and  cautions  for 
its  preparation* 
TahU  of        4.  The  following  table  exhibits  the  colours,  as  far  as  they 
g^PJ^   have  been  ascertained,  in  which  the  different  metals  are  pre- 
thU  bSL     cipitated  from  their  solutions  by  means  of  this  salt* 

Chromium  .  Green.  Lead    ....  White. 

Columbiam .  Olive.  Tin     .      ....  White. 

Iron    .    •    .  Bloe.  Peraudeofeopper  .  White. 

Nickel  .    .  Milk-white.  Protonde  of  copper  Reddlah-hrown. 

Cobalt  .     .  Graw-green.  Biunuth  ....  White. 

Manganese    Peaeh  blotaom.  Silver White  beeoming  bloe. 

Cerium    .      White.  Palladium  ....  Olive. 

rTMMiM*.         CBr(hrniah-red7  Iridium Beoomcs  eoloorien. 

uransim  .     <    Hkc  blood.    5  Titanium    ....  YeUowish-brown. 
Zine    .     .    White. 

Compmi-        5.  According  to  an  analysis  by  Porrett,*  ferrocyanate  of 

^^'  potash,  deprived  of  water,  is  composed  of 

Fcrrocyanic  acid        68*6-^ 
Potash  48*CK-^>ne  atom. 

11 6*6 
The  reader  is  now  enabled  to  perceive  how  well  the  chemi- 
cal constitution,  assigned  to  the  ferrocyanic  acid  by  Porrett, 
accords  with  the  weight  for  it,  as  deduced  from  Uiis  salt. 

^*|^l>  Oxalic  acid  combines  in  three  proportions  with  potash,  atid 
miti  with^  forms  oxalate,  binoxalate  and  quadroxalate  of  potash;  the 
<nailo  aoid;      binoxalate  only  will  be  noticed* 

noii^f  XX.  Binoxaktte  of  Po^otA.— 'Common  names.  Salt  of 
Binoxabta.  Wo^-sorrel;  Essential  Salt  of  Zfm^iM.— This  ssdt  exists 
ready  formed  in  the  wood-sorrel  Toxalis  acetosella).  It  may 
be  formed  by  direct  combination,  oy  dropping  a  solution  of 
carbonate  of  potash  into  a  saturated  solution  of  oxalic  acid* 
As  soon  as  the  proper  quantity  of  potash  is  added,  this  salt 
precipitates*  It  is  in  the  form  of  crystals,  of  a  sharp,  pungent, 
bitterish  taste.  It  is  soluble  in  about  ten  times  its  weight  of 
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boiling  water.  It  is  not  altered  by  exposure  to  air.  It  it  verf  Caav.  iv. 
much  employed  to  remove  stains  from  linen.  " 

XXI.  ACETATE  OF  POTASH. 

Old  namely  BiureHc  SaU,'^Digt9tive  Salt  ^f  S^lviut. 

1.  Acetate  of  potash  may  be  formed  by  dissolving  car*-  Aeettte  of 
bonate  of  potash  in  diluted  acetic  acid  (distilled  vinegar).  JSJ*^®*^ 
By  evaporating  cautiously  the  solution  formed,  crystsds  of 
acetate  of  potash  will  be  deposited.  It  has  a  fine  white 
colour,  and  sharp  warm  taste.  It  is  soluble  in  about  its  own 
weight  of  water.  When  exposed  to  the  air,  it  becomes 
somewhat  moist,  but  suffers  no  other  alteration. 

2.  Acetate  of  potash,  when  used  as  a  medicine,  acts  as  a  lu  medieti 
gentle  cathartic;  but  it  may  be  so  managed,  as  to  prove  P^^^'P'^^ 
powerfully  diuretic.  The  dose  varies  from  half  a  scruple  to 

one  or  two  drachms.  When  vinegar  is  poured  upon  carbo- 
nate of  potash,  a  liquid  acetate  is  readily  formed,  not  infe- 
rior perhaps,  for  medical  employment,  to  the  crystallized 
salt. 

Potash  combines  with  tartaric  acid  in  two  proportions,  p,t„i^ 
forming  tartrate  and  bitartnute  of  potash.  The  bitartrate  formi  two 
wiU  be  first  described.  "^^^ 

Mid. 
XXn.  BITARTRATE  OF  POTASH. 

SuperUartrite  ofPatath  of  the  EdiDbdrgh  CoUefe. 
Tartar^  vhen  impore.— Crytfolt  ^  Tartar  and  Cream  of  nrtar,  when  po- 

riftod  by  Mlntioa  and  eiyitaUisation. 

1.  This  salt  may  be  obtained  by  dissolving  impure  bitar-  i.Ritar- 
trate  of  potash  (tartar)  tn  hot  water,  and  filtering  the  solu-  ^^i^"^' 
tion,  while  hot,  to  get  rid  of  the  earthy  impurities.  The  fil-  obuinodL 
tered  liquor,  upon  cooling,  deposites  crystals  of  bitartrate  of 
potash,  rendered  impure  by  ody  and  colouring  matters.  It 

may  be  separated  from  these  impurities,  by  being  boiled 
with  white  clay.  At  Venice  the  solution  of  tartar  is  purified 
by  means  of  whites  of  eggs  and  ashes,  which  precipitate 
the  foreign  matters. 

2.  Tartar  exists  in  new  made  wines,  especially  in  the  Tartar  ex. 
deepest  coloured  and  coarsest  kinds,  and  deposites  itself  on  ^H^^^^ 
the  sides  of  casks,  in  which  these  wines  are  kept.  Before  litet  oo  tho 
every  vintage,  when  the  casks,  which  had  been  used  the  ^^^  ^. 
previous  year,  are  prepared  to  receive  the  new  wine,  it  is 
scraped  from  their  interior  surfaces,  and  forms,  according 

to  its  colour,  white  or  red  tartar.  The  methods  by  which  it 
is  purified  have  just  been  detailed. 

3.  Bitartrate  of  potash  is  in  the  form  of  irregular  imper-  BHartrato 
feet  crystals,  very  brittle  and  easily  reduced  to  powder.  It  ^•••n***- 
has  an  acid  and  rather  unpleasant  taste*  Its  specific  gravity 
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BookI:  is  1*95S.  It  is  soluble  in  about  sixty  parts  of  cold  water, 
DitmiodII  311  j  ^n  fourteen  parts  of  boiUng  water,  it  is  not  altered  by 
exposure  to  air;  but  when  allowed  to  remain  some  time  in 
solution,  it  is  gradually  decomposed,  a  mucous  matter  is 
precipitated,  and  their  remains  in  solution,  carbonate  of 
potash  coloured  by  a  little  oil.  When  exposed  to  heat,  it 
melts,  swells,  blackens,  and  is  entirely  decomposed.  When 
subjected  to  distillation,  it  yields,  besides  carbonic  acid,  bi- 
hydroguret  of  carbon  and  some  oil,  and  an  acid  liquor 
consisting  of  the  pyrotartaric  acid,  already  described. 

The  bitartrate  of  potash  of  commerce  (tartar)  is  never 
pure,  as  has  been  already  mentioned.  It  generally  contains 
between  5  and  6  per  cent,  of  tartrate  of  lime. 
Gonpoii-        4.  Bitartrate  of  potash  is  composed  of 
*^'  Tartaric  acid  134— two  atoms. 

Potash  48-^one  atom. 

Giving  182  for  the  number  representing 
the  weight  of  its  atom. 
Medieai  5.  The  properties  of  this  salt,  as  a  medicine,  are  those  of 
propertiet.  ^  j^yj  ^^^  cooling  laxative.  When  properly  managed,  it  is 
a  very  good  diuretic  also;  and,  with  a  view  to  this  effect, 
it  is  often  given,  conjoined  with  jalap,  in  dropsy.  In  the 
dose  of  from  half  an  ounce  to  an  ounce,  it  is  a  gende  but 
effectual  purgative.  It  is  given  in  smaller  doses,  when  its 
diuretic  operation  is  desired. 

XXIII.  TARTRATE  OP  POTASH. 

{Tarttite  of  Potash  of  the  Edinburgh  Collegfe.— Common  nameSy  Soluble  Tar^ 

tar.-^Tartarixed  VegeUMe  AlkalL) 

s.Tftrtnite      1.  This  salt  is  easily  prepared  by  adding  bitartrate  of 
howpns'    P^*^*l^  (cream  of  tartar)  to  a  hot  solution  of  carbonate  of 
pirod.        potash,  as  long  as  any  effervescence  takes  place.  Part  of 
the  carbonate  is  thereby  decomposed,  and  its  potash  com- 
bines with  half  the  tartaric  acid  which  exists  in  the  bitar- 
'   trate.  -The  effervescence  arises  from  the  displaced  carbonic 
acid.  The  mixture,  thus  formed,  must  then  be  boiled  for 
some  time,  and  afterwards  evaporated  until  a  pellicle  forms 
on  its  surface.  It  is  then  set  aside,  and  the  crystals,  which 
form  during  its  cooling,  are  tartrate  of  potash. 
Proptftiet.     2.  This  salt  has  an  unpleasant  bitter  taste.  Its  specific 
gravity  is  1*55.    It  is  soluble  in  its  own  weight  of  cold 
water,  and  in  a  much  smaller  quantity  of  boiling  water.    It 
is  from  its  great  solubility,  when  compared  with  bitartrate 
of  potash  (cream  of  tartar),  that  it  takes  its  common  name 
of  soluble  tartar.  When  exposed  to  heat,  it  melts,  blackens 
and  is  decomposed. 
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3*  Tartrate  of  potash  u  composed  of  Chap.iv. 

Tartaric  acid      67— one  atom*  Co^bT^ 

Potash  48— one  atom.  tkm?^ 


Giving  115  for  the  number  representing 
the  weight  of  its  atoau  Hence  it  is  obvious,  that  this  salt 
differs  from  the  bitartrate  in  containing  an  atom  less  of 
acid;  or,  which  is  the  same  thing,  in  being  a  combination  of 
half  as  much  acid  with  the  same  quantity  of  potash. 

4.  Tartrate  of  potash,  when  used  as  a  medicine,  acts  as  a  Medical 
cathartic.  In  doses  of  from  a  scruple  to  a  drachm,  it  acts  as  oms. 
a  mild  cooling  aperient.   When  taken  to  the  amount  of  an 
ounce,  it  operates  as  a  pretty  strong  purge.  It  is  not,  how- 
ever, nearly  so  much  used  as  many  other  saline  purgatives. 

XXIV.  Citrate  o/* /^oto^A.— This  salt  may  be  formed  bycitnteof 
dissolving  carbonate  oi  potash  in  citric  acid,  and  evapo-P^^^^ 
rating  the  solution  lormed  to  a  proper  consistency.    It  is  a 

very  soluble,  difficultly  crystallizable  and  deliquescent  salt. 
When  obtained  in  the  liquid  form,  by  dissolving  carbonate 
of  potash  in  diluted  lemon  juice,  it  forms  a  very  pleasant 
effervescing  mixture,  well  suited  ifor  the  purpose  of  allaying 
sickness  of  stomach,  and  stopping  vomiting. 

XXV.  Pyrotartrate  of  Potash^  with  excess  of  acid,  is  aPyraur- 
very  different  salt  from  bitartrate  of  potash.   When  in  a^'*^* 
neutral  state,  it  precipitates  the  salts  of  zinc  and  barytes, 
which  sufficiendy  distinguishes  it  from  tartrate  of  potash. 

^^^^^^^ 

Of  the  remaining  salts  of  potash,  the  ammonio- sulphate,  Ust  of  nits 
selenate,  tellurate,  nitrite,  borate,  phosphate,  hypopho8phite,^P^J|^». 
chromate,  molybdate,  tungstate,  nitro*tungstate,  columbate,  m.      "* 
antimoniate,  antimonite,  urate,  purpurate,  sorbate,  succi- 
nate, benzoate,  saclactate,  mellate,  camphorate,  malate,  lac- 
tate, suberate,  zumate  and  boletate  are  more  or  less  known 
to  chemists;  but  as  they  have  no  particular  interest  for  the 
student  of  medicine,  their  description  is  omitted  in  this 
work.  The  rest  of  the  salts  of  potash,  amounting  to  16,  are 
unknown. 

The  properties,  characteristic  of  the  salts  of  potash,  are  General 
the  following.  S^^liiu 

1.  They  are  all,  with  very  few  exceptions,  soluble  inofpoteih. 
water,  but  less  so  than  the  salts  of  ammonia. 

2.  When  a  solution  of  tartaric  acid  is  added  to  their  so- 
lutions in  water,  a  precipitate  of  bitartrate  of  potash  (cretoi 
of  tartar)  takes  place. 

3.  When  a  solution  of  sulphate  of  alumina  is  dropped 
into  their  solutions,  crystals  of  sulphate  of  alumina-and- 
potash  (one  species  of  alum)  become  formed. 
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jBooK  I.       4.  They  are  not  v#htiKzed,  when  exposed  to  a  red  heat, 
Pi?Monir.  g^  jg  ^^  i^n^  yfi^  lli^  3ijlg  0f  ammonia*  When  they  contun 

«  a  combustible  acid,  such  acid  is  decomposed,  and  the  resi- 
due, after  the  heat  is  wididrawn,  is  carbonate  of  potash, 
mixed  with  a  little  charcoal.  When  their  acid  is  not  com- 
bustible, they  fuse  without  suffering  decomposition.  To 
this,  however,  there  are  several  exceptions;  the  acid  of  die 
nitrate  is  decomposed  at  a  red  heat;  and,  at  the  same  tem- 
perature, the  sulphite  becomes  a  sulpl^ate,  sulphur  being 
sublimed* 

5.  Hiey  let  fall  an  orange-coloured  precipitate,  when 
treated  with  a  solution  of  platinum. 


SECTION  III. 

SALTS  OP  SODA. 

Saiuofso.  Salts  of  soda  are  compounds  of  the  difierent  acids  with 
Mmpoondi.     ^^  salifiable  base  soda.   The  following  are  the  most  im- 
portant of  these  salts. 

Chionte  df  L  CMoraie  of  SoiUu'^Former  cbeoucal  name,  Hyper §oct/' 
'^*'  muriate  of  SodL^^YAM  salt  may  be  formed  by  dissolving 
carbonate  of  soda  in  chloric  acid;  or  by  passing  a  current  of 
chlorine  through  a  solution  of  the  same  salu  It  is  in  the 
form  of  crystak,  of  a  sharp,  cooling  taste.  AVhen  placed  on 
burning  coals,  it  melts  into  globules,  and  produces  a  yellow 
light. 
Xo  hydro-  II.  Hudrochhrate  of  Soda  does  not  exist.  When  the 
cifa^rate  of  attempt  is  made  to  combine  hydrochloric  acid  with  soda, 
a  double  decomposition  takes  place;  the  hydrogen  of  the 
acid  combines  with  the  oxygen  of  the  soda  and  forms 
water,  while  the  chlorine  of  the  former  and  the  sodium  of 
the  latter  unite  and  form  a  chloride.  This  chloride  (com- 
mon salt)  was  formerly  supposed  to  be  a  muriate  (hydro- 
chlorate)  of  soda.  It  has  already  been  described  in  a  pre- 
ceding part  of  this  work. 

III.  lodate  of  SodtU'^-^ThiB  salt  may  be  formed  by  dis« 
solving  iodine  in  a  solution  of  soda.  It  is  in  the  fiorm  of 
crystals,  soluble  in  about  14  times  their  weight  of  cold  wa- 
ter. When  heated  sufficiently,  it  pves  out  S4)  per  cent,  of 
oxygen  gas,  and  is  converted  into  iodide  of  sodium. 

IV.  Hydriodtae  0/*«fodb.-— This  salt  may  be  formed  by 
dissolving  carbonate  of  soda  in  hydriodic  acid.  It  is  in 
ihe  form  of  large  deliquescent  crystals,  which  contain  a 
good  deal  of  water  of  crystallization. 
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-v.  SULPHATE  OP  SODA.  Cwat^IV. 

(Coukmrnrnwokm,  Olttubef'$  Sat^^VUrMated MUrtn^^VitrUlated Fo9nl 

!•  This  salt  may  be  fonned  by  saturating  carbonate  ofSaiphateof 
soda  with  sulphuric  acid.  *^^' 

2.  It  is  obtained  by  the  manu&cturer,  most  generally.  How  pre- 
from  the  residuum  of  the  process  for  obtaining  hydrochlo-  pved  in 
rate  (muriate)  of  ammonia,  by  the  mutual  action  of  sul-  ^..^'^ 
phate  of  ammonia  and  chloride  of  sodium  (common  salt). 
It  may  be  obtained,  economically,  by  making  into  a  paste 
with  a  sufficient  quantity  of  water,  eight  parts  of  burnt  sul- 
phate of  lime  (gypsum),  five  parts  of  clay,  and  five  parts  of 
chloride  of  sodium  (common  salt).  This  mixture  is  burnt  in 
a  kiln  or  oven,  then  ground  to  powder,  and  afterwards 
treated  with  water,  and  evaporated  until  crystals  of  sulphate 
of  soda  form. 

3*  This  salt  has  been  found  native,  in  large  quantities,  in 
Persia,  Bohemia  and  Switzerland. 

4.  Sulphate  of  soda  is  in  the  form  of  crystals,  possessing  Propertiei. 
a  taste  at  first  salt,  but  becoming  afterwards  nauseous  and 
biuer.  It  is  soluble  in  3*86  paru  of  cold  water,  and  in  0*8 

parts  of  boiling  water.  When  heated  to  redness  and  thus 
deprived  of  its  water  of  crystallization,  it  requires  3*3  parts 
of  water,  at  the  temperature  of  144^,  for  its  solution.  When 
exposed  to  the  air,  it  faUs  into  a  white  powder,  and  loses 
about  half  its  weight  in  water  of  crystallization.  When  sub- 
jected to  a  heat  gradually  increased,  it  first  undergoes  the 
aqueous  and  afterwards  die  igneous  fusion. 

5.  This  salt,  when  anhydrous,*  is  composed  of  Composi- 

Sulphuric  acid    40— one  atom.  ^^' 

Soda  32-- one  atom. 

Giving  72  for  the  number  representing 
the  weight  of  its  atom. 

6.  This  salt  is  by  far  the  most  commonUr  used  of  the  Medioai 
saline  purgatives*  When  taken  in  a  dose  of  from  half  an  pr^l^i^^*- 
ounce  to  an  ounce  or  more,  it  is  a  mild,  but  effectual 
cathartic.  When  given  in  smaller  doses,  largely  diluted,  it 

acts  as  an  aperient  and  diuretic.  When  in  a  sute  of  efllor- 
escence,  the  dose  should  be  reduced  to  one-halL 

VI>  Hydro9ulpha$e  ofSoda.'^^Uwal  chemical  name,  By*  Hjdratoi- 
dromdphuret  of  Sodeu^^ThiB  salt  may  be  prepared  by  the  P***^^- 
same  processes  as  the  hydrosulphate  of  potash.  It  is  in  the 
form  of  transpareaft  and  colourless  crystals  of  an  alkaline  and 
intensely  bitter  taste.  It  is  very  soluble  in  water*  When  ez- 


*  Aa  Mbj^roat  nit  is  one  in  wkick  no  water  ciittt. 


312 


SALTS. 


Hydronil 
plute. 


Nitnte. 


Book  I.   posed  to  the  air,  it  ddiquesc^  and  assumes  a  green  colour. 
Diviiion  II.  i^  \^  decomposed  by  acids,  hydrosulphuric  acid  gas  being 
evolved. 

VII.  Hydroau^hite  of  Soda^-'^Usual  chemical  name,  Jly" 
droguretted  Sulphuret  oj  •S'odb.-^This  salt  may  be  obtained 
by  the  same  process  as  the  hydrosulphite  of  potash.  It  is  of 
a  deep-red  colour,  inclining  to  brown.  Its  taste  is  acrid,  and, 
as  it  were,  bitter  and  cooling.  It  stains  the  skin  of  a  deep- 
green  colour.  When  kept  in  close  vessels,  it  deposites  sul- 
phur, becomes  colourless,  and  is  converted  into  hydrosul- 
pbate  of  soda. 

VII L  Nitrate  of  Sodtu-^FormtAy  called  Cubic  NUre.'-^ 
This  salt  may  be  formed  by  the  direct  combination  of  its 
constituents,  or,  by  double  decomposition,  from  nitrate  of 
lime  and  sulphate  of  soda.  It  is  in  the  form  of  transparent 
crystals  of  a  cool  sharp  taste,  somewhat  more  bitter  than 
that  of  nitrate  of  potash  (nitre).  It  is  soluble  in  about 
three  parts  of  cold  water,  and  in  less  than  its  own  weight 
of  boiling  water.  When  exposed  to  the  air,  it  attracts  mois- 
ture. It  exhibits  the  same  phenomena  as  the  nitrate  of  pot- 
ash when  exposed  to  heat,  except  that  it  does  not  melt  ao 
easily.  It  is  composed  of 

Nitric  acid         54— one  atom. 
Soda  d2<.-^ne  atom. 

Giving  86  for  the  number  represent- 
ing the  weight  of  its  atom. 

Soda  fonnt  Carbonic  acid  combines  in  two  proportions  with  soda,  and 
^Oi  ea?.        forms  carbonate  and  bicarbonate  of  soda. 

bonie  add.  > 

IX.  CARBON  ilTfi  OF  SODA. 
Comiiion  names.  Prepared  Mstron.'-MUd  F^wil  MkaU, 

1.  This  salt  may  be  obtained  from  impure  carbonate  of 
soda  (Spanish  barilla)  by  solution  in  boiling  water,  filtration 
and  evaporation.  Crystals  of  this  salt  wiU  be  found  de- 
posited. 

2.  The  carbonate,  here  used,  is  a  fused  mass,  consisting 
principally  of  carbonate  of  soda,  but  containing  also  char- 
coal, earthy  substances,  and  some  salts.  The  insolubility  of 
the  charcoal  and  earthy  substances,  renders  it  easy  to  sepa- 
rate them.  The  foreign  salts  are  separated  by  taking  ad- 
vantage of  their  diflferent  solubility  in  hot  and  cold  water, 
when  compared  with  that  of  the  carbonate. 

3.  Carbonate  of  soda^of  commerce  has  two  prtnci{»d 
sources  in  nature.  It  is  obtained  from  the  ashes  of  certain 
marine  plants,  and  from  chloride  of  sodium  (common  salt) 
and  sulphate  of  soda,  by  chemical  decomposition.  It  may  be 


1.  Carbo- 
nate of 
•oda{  how 
obtained 
yore. 


Impare 
earbonate 
of  oom- 
neree;  its 
sooroes. 
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obuhied  also  by  ezpoBtng  bicnrbonsle  ci  aoia,  which  is  csap.iv. 
found  native^  to  heat.  "   ' 

[1]  The  marine  plant,  from  which  carbonate  of  aoda  is  How  ob- 
most  usually  obtained,  is  the  salsola  soda;  but  there  are  ^^  ^^^ 
several  other  plants,  which  yield  it  in  considerable  abuD-  punu. 
dance.  The  proper  plants  are  cultivated  in  salt  marshes  by 
the  Spaniards.  They  are  cut  down,  dried  like  hay,  and 
formed  into  bundles.  Several  of  these  bundles  are  set  on 
fire  and  thrown  into  a  deep  pit.  After  they  are  in  a  state  of 
complete  combustion,  others  are  thrown  in  from  time  to 
time,  until  the  pit  is  full.  After  the  incineration  is  complete, 
the  impure  carbonate  of  soda  is  obtained  in  a  solid  mass, 
and  dug  out  and  broken  into  pieces. 

The  impure  carbonate  of  soda,  thus  prepared,  is  called  Fomt  ba- 
barilla  in  commerce.  When  of  good  quality,  it  is  finn»ri"']J^ 
hard,  heavy,  dry,  sonorous,  spongy,  and  internally  of  a  blue  ed. 
colour,  mixed  with  white  in  spots. 

When  the  impure  carbonate  is  prepared  from  diiferent  When  ob- 
species  of  fuci,  it  is  called  kelp  in  England  and  America,  ^^  ^J 
and  varec  by  the  French.  It  is  much  more  contaminated  f^^^ied 
wiA  foreign  matters  than  the  barilla  of  Spam.  kelp  and 

[2]  Chloride  of  sodium  (common  salt)  may  be  decom-  cl^^ate; 
posed,  so  as  to  yield  carbonate  of  soda  by  the  agency  of  bovobuin- 
three  substances;  namely,  semi-vitrified  oxide  of  lead  Qi'^^^J^^ng 
tharge),  lime  and  iron.  ehioride  «f 

When  four  parts  of  semi*vitrified  oxide  of  lead  and  one  ■«<>"»». 
part  of  chloride  of  sodium  are  pulverized,  mixed  together 
md  macerated  in  water  for  several  hours,  a  mutual  decom- 
position takes  place:  water  is  decomposed;  hydrochloric 
(muriatic)  acid  is  formed,  which  combines  widi  the  pro- 
toxide  of  lead,  in  the  form  of  an  insoluble  subhydrochlorate, 
while  the  cari)onie  acid,  which  exists  in  the  semi-vitrified 
onde,  combines  with  the  sodium,  previously  converted  into 
soda,  and  forms  carbonate  of  soda. 

When  a  mixture  of  chloride  of  sodium  and  lime  is  form- 
ed into  a  paste  with  water,  and  left  in  a  moist  situation, 
a  decomposition  takes  nlace,  and  there  is  formed  chloride 
of  calcium  f  muriate  of  lime)  and  carbonate  of  soda.  The 
carbonic  acid  is  obtained  from  the  atmosphere.  Carbonate 
of  soda,  however,  is  not  manufactured  by  means  of  lime.  A 
•  manufactory  by  this  process  was  about  to  be  established  in 
Prance  in  1782;  but  it  appears  never  to  have  gone  into 
operation. 

Carbonate  of  soda  is  not  extracted  in  the  large  way  by 
means  of  iron;  but  the  fact,  that  it  might  be  obtained  in  this 
way,  was  ascertained  by  Scheele,  who  found  that  a  piece  of 
iron  suspended  in  a  cellar  for  fourteen  days,  after  having 
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Bwxi.   been  ilitV^d  into  %  sdhitioii  of  chloride  of  sodium  (comttioft 
PitMkmH*g|jt^^  becao^  incrusted  with  carbonate  of  aoda. 

It  has  been  proposed  to  decompose  chloride  of  sodium 
by  means  of  acetate  of  lead  (sugar  of  lead);  or  by  the  salt 
formed  by  combining  the  semi- vitrified  oxide  of  lead  (li- 
thargej  with  the  acid  liqaor  obtained  by  distilling  wood* 
An  acetate  of  soda  is  formed  in  either  case,  which  is  to  be 
exposed  to  a  strong  heat,  whereby  the  acetic  acid  is  par- 
tially, converted  into  carbonic  acid,  and  the  salt  itself,  chang- 
ed into  a  caiiionate* 
Carbonftte      [3]  Sulphate  of  soda  may  be  decomposed  so  as  to  yield 
may  be^  carbonate  of  soda,  1.  By  carbonate  of  potash;  2.  By  acetate 
faiphate  of  of  lime;  3.  By  semi-vitrified  oxide  of  lead  (litharge);  4* 
»A»i         By  charcoal. 

I  3  The  decomposition  by  carbonate  of  potash  is  efiected,  t* 

mewii  of    the  large  way,  by  the  following  process.  A  boiling  saturat- 

of  MCMh^    ed  solution  of  560  pounds  of  impure  carbonate  of  potash 

(potashes)  is  ladled  into  a  boiling  solution  of  sulphate  of 

soda.  They  are  agitated  together,  and  again  quickly  heated 

to  ebullitton.  The  liquid  is  next  .drawn  off  into  wooden  cis* 

terns  lined  with  thick  sheet-kad,  and  aUowed  to  cool  at  n 

temperature  not  exceeding  55^*  After  the  salt  has  deposited, 

llie  remaining  liquor  is  drawn  off  from  it,  and  it  is  washed 

with  cold  water,  and  afterwards  boiled  with  dean  water* 

This  second  solution  is  evaporated  at  a  low  red  heat,  until 

pettides  of  sulphate  of  potash  no  longer  form  on  its  surfiice. 

The  fire  is  then  withdrawn,  and  the  solution  is  aUowed  to 

cool  pretty  low,  when  it  is  Jndled  out  into  the  cistern  to 

crystallixe. 

a.  By  ace-       When  the  carbonate  is  obtained  from  the  sulfate  of 

uteoftine}  goda  by  a«tetate  of  lime,  the  latter  salt,  with  a  view  to 

economy^  is  formed  by  combining  the  impure  acetic  acid, 

obttined  in  the  distillation  of  wood,  with  lime.  When  die 

acetate  of  lime  is  mixed  with  the  sulphate,  a  double  de« 

comfiosition  takes  place,  and  acetate  of  soda  and  sulphate 

of  lime  become  formed*  The  acetate,  by  being  exposed  to  a 

strong  heat,  has  its  acid  changed,  and  becomes  contcrted 

iato  carboaale  of  soda. 

5.  BfU-         When  the  semi-vitrified  oxide  of  lead  is  used  to  decom* 

thaiige;  and  p^^  ^  sulphate,  by  the  mutual  decomposinon  of  these 

two  substances  a.  carbonate  of  soda  becoaMs  formed  at  once. 

4.  By  bhar-     When  the  sulphate  is  decomposed  fay  charcoal,  the  car^ 

*^'  bonate  becomes  formed  in  consequence  of  the  power,  which 

this  combustiUe  possesses,  of  decomposing  sulphuric  acid 

at  a  high  tempentore«  The  process,  in  the  tat^  way,  is  to* 

grind  together  SOO  pounds  of  sulphate  of  soda  and   ICO 

pounds  of  charcMUi  and  to  expose  die  nuxture  formed  os 
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the  heat  of  a  roverberatory  f umace,  xaM  it  becomca  fmty*  Qu^iv. 
It  18  then  traosferred  to  large  casks^  where  it  is  Hxiviated,  ^ 
evaporated  and  crysuUized. 

The  carbonate  of  soda,  when  carefully  prepared  hgr  neena 
of  any  of  the  decoaspositions  just  mentioned,  becomea  suf- 
ficiendy  pure  to  be  used  in  medicine  and  the  arta.  This, 
however,  is  not  the  case  with  the  carbonate,  obtained  by 
the  incineration  of  marine  vegetables  (barilla). 

4.  Carbonate  of  soda  is  in  the  form  of  large  and  beauti-  ^vpcrtiet 
ful  crystals,  possessing  a  taste  precisely  similar  to  that  of  ^^^^ 
carbonate  of  potash.  Its  specific  gravity  is  1*35.  It  is  soluble  m^ 

in  two  parts  of  cold  water,  and  in  rather  less  than  its  weight 
of  boiling  water.  When  exposed  to  the  air,  it  effloresces 
and  falls  to  powder.  When  subjected  to  a  heat  gradually 
increased^  it  first  undergoes  the  watery  fusion,  next  becomes 
dry,  and  afterwards  suffers  the  igneous  fusion  and  assumes 
the  appearance  of  a  transparent  liquid.  After  this  has  taken* 
place,  if  the  heat  be  further  urged,  part  of  its  acid  is  driven 
off".  It  contains  in  crystals  nearly  65  per  cent,  of  water, 
which  is  driven  oflF  when  the  salt  is  dried  by  heat. 

5.  It  is  composed  of  Sj?^' 

Carbonic  acid    22—- one  atom. 
Soda  32— -one  atom* 

Giving  54  for  the  number  represent- 
ing the  weight  of  its  atom. 

6.  In  medical  properties,  carbonate  of  soda  is  very  simi-  Jjj^**^' 
lar  to  carbonslte  of  potash;  but  in  many  respects  it  is  pre- 
ferable to  this  salt.  Its  form  of  permanent  crystals  enables 
its  dose  to  be  better  regulated;  and  after  e^orescence  it 
may  be  exhibited  in  the  form  of  pills.  In  this  latter  state,  it 
forms  the  officinal  preparation  called  dried  carbonate  of  soda* 
This  is  best  prepared  by  exposing  the  pounded  crystals  before 
the  fire,  and  not,  as  the  Dublin  college  directs,  by  subjecting 
them  to  heat,  until  they  undergo  the  aqueous  fusion  and  af- 
terwards become  dry. 

The  effloresced  carbonate  of  soda  was  first  recommended 
by  Dr.  Beddoes,  as  a  substitute  for  the  supercarbonated 
alkaline  waters,  when  .the  latter  did  not  agree  with  par- 
ticular constitutions.  It  has  a  very  powerful  operation  on 
the  urinary  organs,  and  is  by  far  the  most  efficacious  re- 
medy known  in  a  majority  of  cases  of  calculus,  sometimes 
retnoving  the  disease  entirely,  and  almost  always  alleviating 
and  palliating  the  symptoms. 

If  the  doctrine  of  the  chemical  physicians  be  correct,  the 
carbonates  of  potash  and  of  soda  exert  their  power  in  calcu- 
lous cases,  in  which  the  uric  acid  is  most  abundant.  Now 
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Book  V  it  hat  been  found  hy  chemuts^  that  more  thin  «ie-half  the 
Di^Am  It  calculi^  wbich  have  come  under  their  notice  for  analjrsis^ 
are  composed  of  aric  acid,  either  alone  or  combined  with 
ammonia. 

The  eflioresced  carbonate  of  soda  may  be  given  to  the 
extent  of  one  or  two  scruples  or  more  during  the  24  hours^ 
made  up  into  pills  with  soap. 

X.  BICABBONATE  OP  SODA. 

s.  Bieirbo-      1*  This  salt  may  be  formed  by  exposing  a  solution  of 

Date  of       carbonate  of  soda  to  an  atmosphere  of  caabonic  acid  gas*  It 

oon^n^ve  ^^  ^^  uncrystalUzed  mass,  possessing  a  taste  similar  to  the 

in  Africa  in  carbonate,  but  much  milder.  It  contains  about  23  per  cent. 

"■"^       of  water.   It  occurs  native  in  considerable  quantities  in 

Africa,  in  the  province  of  Sukena^  near  Fezzan,  and  is 

called  trona  by  the  natives.  It  was  not  distinguished  from 

the  carbonate  of  soda  of  commerce  until  1602,  when  Klap-^ 

roth  pointed  out  its  distinguishing  properties.  It  is  in  the 

form  of  striated  masses,  not  altered  by  exposure  to  the  air, 

and  so  hard  that  it  is  said  that  the  waUs  of  a  fort  in  Africa, 

now  in  ruins,  was  built  of  it. 

Compon.        ^»  't  ^8  composed  of 

tknu  Carbonic  acid  44     two  atoms. 

Soda  32— one  atom. 

Giving  76  for  the  number  repre- 
senting the  weight  of  its  atom.  The  native  bicarbonate,  how- 
ever, contains  somewhat  less  carbonic  acid. 
Medieai  ^*  This  salt  in  solution  constitutes  the  water  of  super- 
prapertiet.  carbonate  of  soda  of  the  Edinburgh  college.  It  is  prepared 
by  saturating  a  very  dilute  solution  of  carbonate  of  soda 
with  carbonic  acid,  made  to  pass  through  it  in  a  stream. 
This  solution  is  more  pleasant,  and  may  be  taken  to  a  greater 
extent,  than  the  solution  of  the  carbonate. 

Soda  form  Boracic  acid  combines  in  two  proportions  with  soda,  and 
^^o  niu  forms  borate  and  subborate  ot  soda.  The  subborate  wilt 
de  acid.         ^  described  first. 

XL  SUBBORATE  OF  SODA. 
Common  iiamo»  il«f*iup. 

i.Sobbo-        1.  This  salt  is  extracted  from  tincal^  a  substance  which 
ez^iiT^  comes  from  the  East  Indies,  by  repeated,  solutions,  filtrations 
the  wmtan  and  crystallizations.  It  exists  in  die  waters  of  certain  lakes 
Ul^T^    and  wells,  to  be  found  in  Thibet  and  China.  These  waters 
are  evaporated,  and  the  salt  obtained  in  an  impure  state^  in- 
termixed with  sand,  small  stones  and  other  impurities, 
when  it  is  called  tincaL  In  this  state  it  occurs  in  commerce, 
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in  masses,  composed  of  a  few  large  crystals,  but  chiefly  of  Ciap.  IV. 
small  ones,  possessing  a  colour,  partly  white  and  partly        *■ 
green,  with  an  appearance  as  if  joined  togedier  by  a  greasy 
yellow  substance. 

2«  Subborate  of  soda  (borax)  was  known  at  least  as  early 
as  the  tenth  century;  nevertheless  it  was  a  long  time  before 
its  chemical  nature  was  ascertained.  In  1713,  Homberg 
discovered  boracic  acid  as  one  of  its  constituents,  and, 
without  being  aware  of  its  acid  nature,  gave  it  the  name  of 
sedative  salt.  It  was  not  until  fifty  years  afterwards  that 
Baron  demonstrated  that  its  base  was  soda. 

3.  SuU)orate  of  soda  is  a  crystaUized  salt  of  a  white  its  ptv^cr- 
colour,  and  stypdc,  alkaline  taste.  It  possesses  the  property  ^^ 

of  changing  vegetable  blues  to  green.  It  is  soluble  in  twenty 
pans  of  cold  water,  and  in  six  parts  of  boiling  water.  In 
the  air,  it  effloresces  slightly.  When  heated,  it  loses  nearly 
half  its  weight  in  water  of  crystallization,  and  assumes  the 
form  of  a  Ught,  porous,  very  friable  mass,  called  calcined 
lK>rax.  In  a  stronger  heat,  it  melts  into  a  transparent  glass, 
without  losing  its  solubility.  It  has  been  long  familiar  to 
artists,  as  a  flux,  to  facilitate  the  fusion  of  the  precious  me- 
tals, and  for  its  use  in  the  formation  of  imitations  of  the  pre- 
cious stones. 

4.  The  medical  properties  of  subborate  of  soda  haveMedM 
been  but  very  little  investigated.  It  is  rarely  given  inter-  ^b*^* 
nally.   It  is  said  to  possess  the  properties  of  a  diuretic  and 
emmenagogue.    It  is  employed  in  solution,  or  mixed  with 
white  sugar,  to  cleanse  the  mouth  and  fauces  of  infants, 
when  these  parts  are  aflfected  with  aphths.  Upon  the  whole, 

it  seems  to  deserve  more  notice  than  is  generally  given  to 
it  by  physicians. 

XII.  Borate  of  Soda.^^This  salt  may  be  formed  by  satu-  8.Borite(jr 
rating  subborate  of  soda  with  boracic  acid.  It  has  been  but  '^^' 
very  imperfectly  examined. 

Phosphoric  acid  combines  in  two  proportions  with  soda,  Soda  foniA 
and  forms  phosphate  and  biphosphate  of  soda*  ^Ui  p^m- 

Xlll  PHOSPHATE  OP  SODA.  ^^'^^  *^^ 

Wonderful  Perlated  Salt  of  Hanpt 

1.  Dr.  Pearson  gives  the  following  formula  for  the  pre- 1,  no^ 
paration  of  this  salt.  To  a  solution  of  1400  grains  of  crys-  v^*^^  ^ 
tallized  carbonate  of  soda  in  2100  grains  of  water,  placed  "^^ 
in  a  long  necked  matrass,  add,  griidually,  500  grains  of 
phosphoric  acid  of  the  specific  gravity  of  1*85.    Boil  the 
liquor  for  a  few  minutes,  filtrate  it  while  hot,  and  pour  it 
into  a  shallow  vessd,  which  must  be  placed  in  a  cool  situa- 
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tion.  During  the  course  of  several  dajrs,  crystals  of  phoephate 
of  soda  will  be  deposited. 

3.  Phosphate  of  soda  is  prepared  by  the  apothecaries  bj 
treating  burnt  bones  (phosphate  of  Ume)  with  sulphuric 
acid.  This  acid  partially  decomposes  the  phosphate,  and 
forms  with  the  base  of  the  decomposed  portion,  an  insolu* 
ble  sulphate  of  lime  (gypsum),  while  the  disengaged  phos* 
phoric  acid  combines  the  undecomposed  portion,  and  iorms 
a  superphosphate  of  lime,  which  remains  in  sdhition.  The 
sulphate  of  lime  is  separated  by  the  filter,  and  the  remain- 
ing  solution,  containing  the  superphosphate,  is  decomposed 
by -a  solution  of  carbonate  of  soda.  The  carbonate,  how- 
ever, does  not  decompose  the  superphosphate  completely; 
but  its  base  combines  with  the  excess  of  acid  in  this  salt) 
and  forms  a  phosphate  of  soda,  which  remains  in  solution^ 
whereby  the  soluble  superphosphate  becomes  reduced  to  the 
state  of  an  insoluble  phosphate.  The  phosphate  of  lime  is  now 
separated  by  the  filter,  and  by  treatment  again  with  sulphuric 
acid  and  carbonate  of  soda  may  be  made  to  yield  a  new 
portion  of  phosphate  of  soda.  The  solutions  of  phosphate  of 
soda,  thus  obtained,  are  next  evaporated  until  they  depoMte 
crystals. 

3.  This  salt  exists  ready  formed  in  urine;  but  as  it  would 
not  yield  phosphorus  when  treated  with  charcoal,  it  was 
suspected  to  contain  an  acid  different  from  the  phosphoric. 
Proust  supposed  he  had  obtained  this  acid,  to  which  he  gave 
the  nameof  perlated  acid;  but  the  substance  obtained  by  him 
was  afterwards  proved  by  Klaproth  to  be  a  phosphate  of 
soda  with  excess  of  phosphoric  acid,  that  is,  a  biphosphate 
of  soda. 

4.  Phosphate  of  soda  is  in  the  form  of  crystals,  possess- 
ing a  cooling  and  urinous,  but  not  disagreeable  taste.  It  is 
soluble  in  about  four  parts  of  cold  water,  and  in  two  parts 
of  boiling  water.  Its  specific  gravity  is  1*333*  It  contains 
about  62  per  cent,  of  water  of  crystallization.  When  ex- 
posed to  die  air,  it  effloresces  on  the  surface.  When  sub- 
jected to  heat,  it  first  undergoes  the  watery  fusion,  and 
afterwards,  when  it  has  reached  the  point  of  redness,  melts 
into  a  white  enameL  Before  the  blow-pipe,  it  fuses  into  a 
transparent  globule,  which  becomes  opaque  upon  cooling. 
It  is  not  altered  by  combustibles  or  metals.  With  most  of 
the  metallic  oxides,  it  fuses  into  a  coloured  glass.  It  is 
partially  decomposed  by  hydrochloric  (muriatic),  sulphuric 
and  nitric  acids,  and  converted  into  a  biphosphate.* 

5.  Phosphate  of  soda  was  introduced  into  the  practice  of 
medicine,  as  a  purgative,  by  Dr.  Pearson.  It  possesses  the 
same  medical  properties  as  sulphate  of  soda  (Glauber's 
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aait),  but  it  has  Als  tdvantage  over  the  sulphate,  Aat  it  is  Ciiv.  iv. 
much  less  disagreeable  to  swallow.  The  dose  is  eight  or    ' 
ten  drachius.  It  may  be  given  very  conveniently  in  soups, 
to  which  it  imparts  a  taste,  very  similar  to  that  occasioned 
by  chloride  of  sodium  (common  salt),  and  not  unpleasant  to 
the  most  delicate  palate. 

XIV.  Bipho9pkate  of  Soda  is  a  soluble  salt  not  easily  s.  BiphM- 
crystallixed.   It  may  be  obudned  in  thin  scales,  not  unlike  ^^*^' 
boracic  acid.  It  was  this  salt,  which  Proust  supposed  to  be 

the  acid  of  the  phosphate. 

XV.  Ammonio'phoaphate  of  «Si9d!a.— >01d  names,  MkrO"  AmmoDio- 
cosmic  Saltf  FuMle  SaH  of  Urine — It  was  a  long  time  J^^^'^. 
known  that  this  salt  might  be  extracted  from  urine,  before  tneted 
any  correct  notions  of  its  chemical  composition  were  form-  ^°^  °™^' 
ed.  Margraff  showed  that  it  contained  ammonia,  and  might 

be  made  to  yield  phosphorus;  but  it  was  Fourcroy,  who 
first  subjected  it  to  a  precise  analysis.  Its  properties  are 
those,  very  nearly,  of  phosphate  of  soda  and  phosphate,  of 
ammonia,  joined  together.  When  subjected  to  heat,  its  am- 
monia is  driven  off,*  and  the  ssdt  is  converted  into  a  super- 
phosphate. When  exposed  to  the  air,  it  suffers  efflorescence 
and  gradually  loses  its  ammonia.  , 

XVI.  i^^r^tia/e^«f0d!ii.^-U8ual  chemical  name,  Filiate 
ofSoda^-^ThuB  salt  osay  be  fcrmed  by  pouring  a  solution  of 
soda  into  hydrofluoric  acid.  A  combination  takes  place  with 
the  evolution  of  much  heat.  It  is  in  the  form  of  small 
crystals,  soluble  in  water,  and  not  altered  by  exposure  to 
air.  When  heated,  it  decrepitates,  and  afterwards  undergoes 
the  igneous  fusion. 

XV II.  Stlico/luate  of  Soda.'^Fluostlicate  of  Soda  of  Dr. 
Thomson. — Scheele  affirms  that  this  salt  may  be  formed  by 
the  same  means  as  the  silicofluate  of  potash;  but  Gay-Lus- 
sac  and  Thenard  could  obtain  the  hydrofluate  (fluate)  of 
soda  only^  the  salt  described  in  the  preceding  paragraph. 

.XVIII.  Su^hocyanate  of  Soda, — ^This  is  a  crystallizable 
deliquescent  salt. 

XIX.  Ferrocyanate  of  Sodam^^Vormerly  called.  Triple  ^wtftmr 
Prussiatt  of  Soda,-  Prussiate  of  Soda-^nd- Iron.— This  salt  Jj£^^ 
may  be  formed  by  a  process  similar  to  that  pven  for  the 
preparation  of  the  ferrocyanate  of  potash.  It  is  in  the  form 
of  transparent  crystak,  of  a  yellow  colour  and  bitter  taste. 
When  exposed  to  the  air  in  a  warm  place,  it  falls  to 
powder,  and  loses  37}  per  cent,  of  its  weight.  It  is  soluble 
m  4}  parts  of  cold  water,  and  in  a  much  smaller  quantity 
of  boiling  water.  Its  specific  gravity,  when  in  crystals, 
is  1-458. 

XX.  Urate  of  «S>db.— -The  concretions,  called  chalk-  Ui»t«. 
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Book  l   ttoDCs,  whicb  form  in  joints  l<mg  affected  by  gout,  are 

^^^''^  ^-  found  to  consist  entirely  of  this  salu 

XXI.  Acetate  ofSada.'^FormeAy  called,  Crystallized f if -- 
Bated  earth^-^This  salt  is  usually  prepared  1^  saturating 
acetic  acid  with  carbonate  of  soda,  and  evaporating  the  so- 
lution until  a  pellicle  forms  on  its  surface.  Upon  cooling, 
crystals  of  acetate  of  soda  are  deposited.  This  salt  has  a 
sharp  taste,  approaching  to  bitter.  It  is  not  aiTected  by  ex* 
posure  to  air.  It  is  soluble  in  nearly  three  parts  of  cold 
water.  When  heated,  it  first  loses  its  water  ot  crystalliza- 
tion, which  amounts  to  about  40  per  cent,  and  afterwards 
melts,  if  the  heat  be  sufficiently  urged. 

Tntnteof  XXII.  Tartrate  of  Soda^^^Tbh  salt  may  be  formed  by 
dissolving  carbonate  of  soda  in  tartaric  acid.  It  is  in  the 
form  of  needle-shaped  crystals,  soluble  in  about  their  weight 
of  cold  water.  It  is  capable  of  combining  with  an  excess  of 
acid,  forming  a  salt  nearly  as  insoluble  as  the  bitartrate  of 
potash  (cream  of  tartar).  It  is  composed  of 
Tartaric  acid  67-— one  atom. 
Soda  32— -one  atom. 

Giving  99  for  the  number  representing 
the  weight  of  its  atom. 

XZlir.  TARTBATB  OF  P0TASH.AK1V80DA. 

(Gonmum  name,  B&eheOe  5(ii2r.«— Formerly  eaHed,  SaH  •/ Seignette,) 

Tartrate  of  1,  This  salt  is  Usually  prepared  by  adding  gradually,  as 
JJJJ^JIlJ^^'long  as  effervescence  occurs,  carbonate  of  soda  to  a  solution 
prepared,  of  one  part  of  bitartrate  of  potash  (cream  of  tartar)  in  five 
parts  of  boiling  water;  and  afterwards,  when  the  saturation 
IS  complete,  filtering  the  solution,  and  evaporating  it  to  the 
consistence  of  a  syrup.  Upon  cooling,  it  deposites  cr]rstal8 
of  tartrate  of  potash-and-soda.  In  this  process,  the  ssdt  be- 
comes formed,  in  consequence  of  the  soda  of  the  added  car- 
bonate saturating  the  excess  of  acid  in  the  bitartrate. 

2.  This  salt  was  first  formed,  and  introduced  into  the 
practice  of  medicine,  by  Mr.  Seignette,  an  apothecary  at 
Rochelle,  by  whose  name  it  was  formerly  generally  known. 
For  some  time  its  composition  was  kept  secret.  In  1731, 
however,  Boulduc  and  Geoffroy  ascertained  its  chemical 
nature. 
Fropertiet.  3,  Tartrate  of  potash-and-soda  is  in  the  form  of  large 
crystals,  permanent  in  the  air,  and  soluble  in  five  times 
their  weight  of  water.  It  has  a  bitter  taste.  When  exposed 
to  heat,  it  suffers  decomposition.  Its  specific  gravi^  is 
f75J. 
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4.  It  is  composed  of  C*a».  I¥. 

Tartrate  of  potad»     1 1 5— -one  atom*  "'   -     ■ 

Tartrate  of  soda  99— one  atom. 

Giving  214  for  the  number  represent- 
ing the  weight  of  its  atom. 

5«  This  salt  is  frequently  used  as  a* purgative*    It  is  not  Mcdkal 
so  disagreeable  to  take  as  sulphate  of  soda^  but  more  so***^ 
than  the  phosphate;  and  it  has  this  disadvantage,  that  it  re- 
quires to  be  given  in  a  larger  dose  than  either  of  these 
salts. 

Of  the  remaining  salts  of  soda,  the  ammonio  sulphate,  lift  of  nica 
sulphite,  selenate,  hypophosphite,  arstniate,  arsenite,  chro-  J*  "^-^^ 
mate,  molybdate,  tungstate,  purpurate,  formate,  oxalate, 
sorbate,  succinate,  benzoate,  lactate,  citrate,  mellate,  cam- 
phorate,  malate,  saclactate  and  suberate  have  been  formed, 
and  more  or  less  accurately  described,  by  chemists;  but 
they  are  of  too  tittle   importance  to  be   described.    The  1 

rest  of  the  salts  of  soda,  amounting  in  number  to  24,  are 
unknown. 

The  salts  of  soda  may  be  known  by  the  following  pro-  General 
perties.  K'Ste 

1.  They  are  aU  soluble  m  water,  and  much  more  so  than  of  soda, 
the  salts  of  potash. 

2.  When  exposed  to  heat,  they  undergo  the  aqueous 
fusion,  by  reason  of  the  large  quantity  of  water  of  crvstal- 
lization  which  they  contain.  If  the  heat  be  continued,  the 
water  is  dissipated,  and  they  assume  the  form  of  a  dry 
white  powder.  When  the  heat  is  increased  to  redness,  if 
the  acid  present  in  them  be  combustible,  it  is  destroyed; 
if  volatile,  it  is  driven  off;  but  if  fixed,  the  whole  undergoes 
the  igneous  fusion,  and,  on  cooling,  assumes  the  appearance 
of  an  opaque  white  mass,  usually  destitute  of  water. 

5.  Their  solutions  are  neither  precipitated  by  tartaric 
acid,  nor  enabled  to  deposite  crystals  of  sulphate  of  potash* 
and-alumina  (alum),  by  the  addition  of  sulphate  of  alumina. 
These  last  mentioned  marks  distinguish  thj^  verf  com- 
pletely from  the  salts  of  potash. 
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SECTION  IV. 
SALTS  OP  LrruA. 


suudfii-  Salts  or  Lithia  are  combinanoii^  of  acids  with  the  salt- 
•MKpowiilt.     ^^^^^  ^^^''^  lithia*  In  consequeoce  of  the  recent  discovery 
of  this  substance,  very  few  of  these  salts  have  been  exa- 
mined* The  following  are  the  principal  ones,  which  have 
been  described. 

Sidphiteo^     !•  Sulphate  of  Lithia.'^Tiktn  salt  may  be  obtained  from 
™^         petalite,  by  exposing  the  mineral  in  powder  for  2)  hours  txx 
heat,  along  with  carbonate  of  barytes;  dissolving  off  the 
excess  of  the  barytes  by  hydrochloric  acid  added  in  excess, 
and  precipitating  the  remainder  of  this  substance  by  an  excess 
of  sulphuric  acid.  After  the  insoluble  sulphate  of  barytes  is 
separated,  the  remaining  liquid  wiU  be  a  solution  of  the 
sulphate  of  lithia,  containing  alumina*    Precipitate  the  alu- 
mina by  carbonate  of  ammonia,  and  evaporate  to  dryness: 
the  dry  mass  consists  of  this  sulphate*   It  is  a  very  soluble 
salt,  possessing  a  purely  saline  taste*   It  suffers  no  change 
in  the  air*  It  is  composed,  in  wh<de  numbers,  of 
Sulphuric  acid      40— one  atom. 
Lithia  18— -one  atom* 

'  Giving  58  for  the  number  represent- 
ing the  weight  of  its  atom* 

Kitnte.  II*  Nitrate  of  JLfMto*— This  salt  is  deliquescent,  and 
possesses  a  taste  like  nitrate  of  potash  (nitre)*  When 
neated,  it' fuses  into  a  liquid,  running  like  water* 

CarboMte.  IIL  Carhemite  of  Lithiom'^-^This  salt  may  be  formed  by 
decomposing  the  sulphate  of  lithia  by  acetate  of  barytes*  In 
this  way  theie  becomes  formed  an  acetate  of  lithia*  This 
acetate,  by  being  heated  to  redness  in  a  platinum  crucible, 
has  its  acid  decomposed,  and  is  converted  into  a  carbonate* 
Carbonate  of  lithia  has  an  alkaline  taste*  It  restores  the 
colour  of  tumsol,  reddened  by  acids*  It  melts  when  exposed 
SO'ft  dull  red  heat.  It  is  capable  of  attacking  platinum,  a 
pn^rty  which  is  not  poosrsaed  by  the  carlxmate  of  potash 
or  of  soda* 

Several  odier  saks  of  lithia  have  been  examined,  such  as 
the  borate,  acetate,  tartrate,  8cc*  but  these  salts  are  not  of 
sufficient  importance  to  be  described.* 

*  Anndes  de  Clumim  et  de  Phyri^ne,  tome  X  (Jan.  1819.) 
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SECTION  V. 

SALTS  OF  UME. 

[  Salts  of  Lime  are  combinations  of  the  different  acids  Saiu  of 

with  the  salifiable  base  lime.  The  foUowing:  are  the  most  ^■*''*  ^*>*^ 
important  of  these  compounds. 

L  Chlorate  of  lime, — Former  chemical  name,  Hyperoxy- CMnmu^ot 
muriaie  ^Zimr.— This  salt  may  be  obtained  by  the  follow*  ''"'^- 
iog  process:  Pass  a  current  of  chlorine  gas  through  a  solution 
of  lame  in  hot  water,  the  temperature  of  which  is  not  allow- 
ed to  falL  Two  substances  are  in  this  way  formed;  namely, 
chloride  of  calcium  and  chlorate  of  lime.  In  order  to  get 
lid  of  the  chloride,  boil  phosphate  of  silver  in  the  solution 
of  the  chloride  and  chlorate.  This  salt  decomposes  the  chlo- 
ride, and  forma  with  it  a  chloride  of  silver  and  phosphate 
of  lime,  both  of  which  are  insoluble  and  may  be  separated 
by  the  filter;  while  the  chlorate  of.  lime  remains  in  solution 
untouched^  and  may  be  obtained  in  crystals  by  evaporation. 
Chlorate  of  lime  has  a  sharp  and  bitter  taste,  and  is  very 
deliquescent.  When  allowed  to  dissolve  in  the  mouth,  it 
produces  a  strong  sensation  of  cold.  When  slighdy  heated, 
it  undergoes  the  watery  fusion. 

IL  Hydrochlorate  oflAme^  it  would  seem,  does  not  exist.  HydroeUo- 
The  salt,  which  has  heretofore  been  considered  a  hydro- JJ|^^"** 
chlorate  (muriate)  of  lime,  does  not  differ,  in  any  respect,  oitt 
from  chloride  of  calcium  artificially  formed.  Hence  there 
is  good  reason  to  believe,  that,  when  the  attempt  is  made 
to  unite  hydrochloric  (muriatic)  acid  to  line,  a  double  de- 
composition takes  place,  which  results  in  the  formation  of 
chloride  of  calcium  and  water. 

III.  lodate  ofLimc.^^T)m  sak  may  be  obtained  by  (fis- 
aolving  carbonate  of  lime  (chalk)  in  iodic  ack!;  or  fay 
double  decomposition  between  a  salt  of  lime  and  aodate  of 
potash.  It  is  usually  in  the  form  of  powder,  but  may  be 
obtained  in  crystals.  It  is  sparingly  scAuble  in  water.  It  is 
similarly  affected  by  the  action  of  heat  to  the  iodata  of 
potash,  excepting  that  it  requires  a  higher  temperature  for 
decomposition. 


IV.  HydriodaU  of  Lime^/^^ThlB  uit  may  be  formed  bv 
saturating  hydriodic  acid  with  carbonate  of  lime  (chalk).  It 
is  a  very  soluble  and  deliqtieseent  salt.  When  expoaed  to 
a  strong  heat,  it  is  converted  into  iodide  of  calcium,  water 
being  at  the  same  tiine  formed^ 
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OiTittoo  n.  V.  SULPHATE  OF  UME. 


Sulphate  of     1.  Sulphate  of  lime  occurs  abundantly  native  in  different 
fiflM  ocean  p^,^  of  the  world,  and  consequently  is  very  seldom  formed 
arlificially.  It  was  known  to  the  ancients  under  the  name 
of  gypsum,  but  its  composition  was  not  ascertained  before 
it  was  subjected  to  analysis  by  Margraff  and  Macquer,  who 
proved  it  to  be  a  compound  of  sulphuric  acid  and  Hme.  Its 
properties  were  afterwards  investigated  with  precision  by- 
Bergman. 
lu  proper-      2.  This  salt  is  found  native  in  the  form  of  crystals,  some- 
^»*  times  exceedingly  transparent.  Its  taste  is  slightly  nauseous, 

but  scarcely  perceptible,  unless  in  water  impregnated  with 
it*  It  is  not  sdtered  by  exposure  to  the  air.  When  heated,  it 
decrepitates  and  falls  to  powder,  losing  at  the  same  time 
its  water  of  crystallization,  which  amounts  to  about  SI  per 
cent.  In  this  state,  it  is  called  plaster  of  Paris,  and  is  much 
employed  in  the  formation  of  casts,  and  of  some  species  of 
stucco,  as  well  as  for  giving  the  last  coat  of  plastering  to  the 
apartments  of  houses.  It  becomes  wett  fitted  for  these  pur- 
poses from  the  avidity  with  which  it  combines  with,  and 
solidifies,  water,  a  property  which  enables  it,  when  made 
into  a  paste  with  this  liquid,  to  dry  quickly  and  harden. 
When  the  sulphate  is  exposed  to  a  violent  heat,  it  melts. 
Before  the  blow-pipe,  it  affords  an  opaque  vitreous  globule. 
S.  Sulphate  of  lime  is  composed  of 

Sulphuric  acid       40— one  atom. 
Lime  29«-one  atom. 

Giving  69  for  the  number  represent- 
ing the  weight  of  its  atom. 
Auhrdroot  Besides  the  sulphate  <^  lime,  just  described,  which  con- 
miphate.  tains  water,  there  has  been  found  native  an  anhydrous  sul- 
phate. It  as  in  the-form  of  transparent  crystals,  whose  broad 
surfaces  have  the  appearance  of  pearl.  Its  hardness  is  con- 
siderable. Its  specific  gravity  is  about  2*96.  It  usually 
phoaphoresces  when  heated.  It  coincides  with  the  common 
sulphate  in  properties,  and  in  constituents,  excepting  that  it 
contains  no  water. 

HjdrwQl.  VI.  Hydromlphate  of  £>mr.— Usual  chemical  name, 
^^^'  Hydromilphuret  o/ Lime— This  salt  may.  be  formed  hy 
passing  a  corrent  of  hydrosulphuric  acid  gas  through  water, 
suspending  a  portion  of  lime.  When  thus  obtained,  it  is  in 
the  form  of  a  colourless  solution)  possessing  an  acrid^  bitter 
taste. 
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VI L  Hydro9ulphite  of  Lime  -^Usual  chenucal  name,  c«af.  i v. 
Hydrogurt'tted  Sulphuret  of  liw^.— This  salt  is  formed,  H,^|,^qir 
vhencivcr  sulpfauret  of  lime  is  exposed  to  the  air  or  mois-  phite. 
ttncd  with  water.  The  conversion  takes  place  in  consequence 
of  the  decomposition  of  water*  It  may  be  formed  ako  by 
boiling  a  mixture  of  sulphur  and  lime  in  about  ten  times 
its  H  eight  of  water.   When  thus  prepared,  it  forms  a  solu- 
tion  of  a  beautiful  orange  colour,  exhaling-  the  fetid  odour 
of  hydrosulphuric  acid  gas.  Exposed  to  the  air,  it  gradually 
absorbs  oxvgen^  which  first  combines  with  the  hydrogen 
and  aiterwards  acidifies  the  sulphur,  whereby  the  hydro- 
sulphite  is  converted  into  a  sulphate.   When  kept  ih  close 
vessels,  sulphur  is  deposited,  and  it  becomes  changed  into 
a  hydrosulphate. 

VIII.  Nitrate  of  Zjmr.-— This  salt  may  be  formed  by  Nitnte. 
dissolving  carbonate  of  lime  (chalk)  in  nitric  acid,  evapo* 
rating  the  solution  to  the  consistence  of  a  syrup,  and  setting 
it  aside  to  crystallize.  It  is  in  the  form  of  crystals,  which 
are  exceedingly  deliquescent,  and  possess  an  acrid  and 
bitter  taste.  Cold  water  dissdlves  four  times  its  weight  of 
them,  and  boiling  water,  any  quantity.  When  exposed  to 
the  air,  it  attracts  moisture  with  such  avidity  as  soon  to  li- 
quefy. It  is  this  affinity  for  moisture,  which  fits  it  for  the 
purpose  of  drying  gases.  When  heated,  it  readily  undergoes 
the  aqueous  fusion,  and  afterwards,  when  the  water  of 
crystallization  is  evaporated,  it  becomes  converted  into  a 
white  powder*  When  strongly  heated,  the  nitric  acid  is 
decomposed,  and  deutoxide  of  azote  (nitrous  gas),  oxygen 
and  azote  are  evolved,  while  pure  lime  is  left  behind. 

IX.  CARBONATE  OF  UME. 

(Common  name.  Chalk.) 

1.  Carbonate  of  lime   exists   very  abundandy   native,  CBrbooste 
under  the  different  names  of  chalk,  lime-stone,  marble,  &c.  ^^^^^i^m- 
and  is,  therefore,  very  seldom  formed  artificially  by  the  dantiy  na- 
chemist.    It  may  be  obtained,  however^  in  a  very  pure^^^^* 
state,  in  the  form  of  a  precipitate,  by  adding  a  solution  of 
carbonate  of  soda,  to  a  solution  of  chloride  of  calcinm 
(muriate  of  lime).  .When  prepared  in  this  way,  it  forms 

the  precipitated  chalk  of  the  Dublin  college. 

2.  For  the  purposes  of  medicine,  it  is  prepared  from  the  How  tyre- 
impure  carbonate  (chalk)  by  trituration  in  an  iron  n^o^^i'^i  SJ^pop* 
and  subsequent  levigation  on  a  porphyry  stone.  The  impaU  poses  of 
pable  powder,  thus  formed,  is  next  diffused  in  water,  and,  ™cdieiDc. 
while  this  liquid  continues  to,  be  loaded  with  the  minute 
particles,  it  is  poured  off  and  allowed  to  fettle* 

3.  Carbonate  of  lime  is  often  found  native  in  perfectly 
transparent  crystals.  It  has  scso'cely  any  taste*  It  is  inso- 
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Book  I.   luble  in  cold  water.  Its  specific  gravity  is  about  i*f»  In 
Pitiskm  II.  jjig  gi,.^  ii  suffers  tto  alteration.  When  exposed  to  heat,  it 
first  decrepitates,  and  loses  its  water  ot  crystallization, 
which  amounts  to  about  eleven  per  cent.;  and  afterwards,  if 
the  heat  be  continued  to  be  raised,  the  carbonic  acid  is  en* 
tirely  driven  off,  nothing  remaining  but  pure  lime. 
BurotBgof      4.  The  process  of  exposing  different  carbonates  of  lime 
^5  2'     (lime-stone)  to  a  sufficient  heat  to  drive  off  their  acid  is 
^"^   *      called  calcining  or  burning  lime.  It  is  in  this  way  that  all 
the  lime  is  formed,  which  is  used  in  the  arts.  It  continued, 
for  a  long  time,  a  problem  of  considerable  difficulty  to  as* 
certain  what  lime-stone  lost  in  the  process  for  converting 
it  into  lime.  It  had  been  concluded  by  some  of  die  earlier 
chemists  that  it  was  pure  water.  StahPs  opinion  was  most 
generally  acceded  to,  that  the  change  of  properties  was  to 
be  ascribed  to  the  more  minute  division  of  the  particles 
of  the  lime  by  the  action  of  fire.  On  the  other  hand,  Boyk 
supposed  that  the  new  properties  depended  upon  the  fixa- 
tion of  fire,  an  opinion  which  was  embraced  by  Newton. 
'A1»e  «b«i.  The  fallacy  of  all  these  theories  was  completely  shown  by 
ultepUoe  ^^  discovery  of  carbonic  acid  by  Dr.  Black,  in  1755.  This 
in  Uie  pro-  chemist  satisfactorily  proved  that  lime-stone  was  compos- 

eountodfor  ^^  ^^  ^^^^  ^^^  carbonic  acid,  and  that,  in  the  process  of 
br  Dr.  calcining,  the  carbonic  acid  was  driven  off,  while  the  pure 
BUek.        ijmg  remained  behind. 

5«  Anhydrous  carbonate  of  lime  is  tomposed  of 
Carbonic  acid        22-^one  atom. 
Lime  29— one  atom* 

Giving  51  for  the  number  represent- 
ing the  weight  of  its  atom. 
Medieal         6.  In  medicine,  carbonate  of  lime  is  an  antacid  and  ab* 
JJ^j^^^'sorbent.  It  is  therefore  well  suited  to  remove  acidity  of 
lime.         the  stomach,  more  especially  when  accompanied  with  diar- 
rhoea. It  removes  acidity,  in  consequence  of  its  acid  being 
displaced  by  almost  every  other.  For  exhibition^  it  is  gene- 
rally joined  with  sugar  and  aromatics,  in  the  form  of  a 
mixture. 


forms  Phosphoric  acid  is  capable  of  combining  with  lime  in  four 
i^hphoL      proportions,    forming  phosphate,   biphosphate,    quadri- 
uliorieacid     phosphate  and  subphosphate  of  lime.  These  salts  will  be 
described  in  the  order,  in  which  they  have  been  named. 

X.  PMOSPUATE  OF  LIMB. 
{EarA  ^f  BmietJ-^Buna  BaH^hom  of  tke  Colleset.) 

J.  Phos-  1.  This  salt  ntay  be  prepared  by  exposing  bones  to  a 
1[^^^  white  heat,  reducing  the  substance  formed  to  powder,  dis- 
prcporcd.   Bolvtng  it  in  hydrochloric  (muriatic)  acid,  and  precipitating 
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the  solutioii  by  means  of  asnmonia.  The  precipitate  formed^  Cbap.  i v. 
after  being  washed  and  dried,  is  pure  phosphate  of  lime.  ^ 

2«  Bones  are  composed  of  a  basis  of  phosphate  of  lime, 
united  to  a  certain  portion  of  cartilaginous  matter.  The  ex- 
posure to  a  white  heat  bums  oiF  all  the  animal  matters,  and 
leaves  nothing  remaining  but  phosphate  of  lime.  The  phos- 
phate, however,  is  not  pure.  To  render  it  perfectly  so,  the 
impure  phosphate  is  treated  with  hydrochloric  (muriatic) 
acid,  which  dissolves  the  pure  salt  alone.  The  ammonia, 
which  is  then  added,  combmes  with  the  hydrochloric  acid 
and  remains  in  solution,  and  causes  the  dissolved  phosphate 
of  lime  to  precipitate. 

3.  This  salt  was  first  noticed  in  1774  by  Scheele  andDiteofcrad 
Gahn;  but  for  the  first  precise  account  of  iu  properties,  ^^^^ 
chemistry  is  indebted  to  kkcberg,  Fourcroy  and  Vauquelin. 

4.  Phosphate  of  lime  is  a  white  insoluble  powder,  destt-  Properties, 
tute  of  taste,  and  unaltered  by  exposure  to  air.  It  is  solu- 
ble in  hydrochloric  (muriatic)  and  nitric  acids,  and  may  be 
precipiuted  from  solution  in  them  by  means  of  ammonia. 
^Vhen  exposed  to  a  very  violent  heat,  it  undergoes  a  kind 

of  fusion,  and  is  converted  into  a  white  semi-transparent 
porcelain. 

5.  According  to  an  analysis  by  Berzelius,  calculated  in 
numbers,  in  which  the  equivalent  number  for  lime  is  as* 
sumed,  phosphate  of  lime  is  composed  of 

Phosphoric  acid     34*3*— 

Lime  29*0— one  atom;  so  that  it 

appears  that  the  composition  of  this  salt  cannot  be  recon- 
ciled with  the  atomic  theory. 

6.  Phosphate  of  lime  has  been  employed  as  a  remedy  in  Emplojed 
rickets,  a  disease  in  which  there  appears  to  be  a  deficiency  ''^'^^^^ 
of  this  salt  deposited  in  the  bones.   Its  usefulness  in  this 
disease  may  be  considered  rather  doubtful,  unless  the  di- 
gestive powers  of  the  system  should  be  improved  at  the 

same  time. 

XI.  BipAosphate  of  lime^^^This  salt  may  be  formed  by  £.  Biph^^r 
digesting  phosphate  of  lime  in  phosphoric  acid,  dissolved  ^^' 

in  hot  water.  The  acid  takes  up  so  much  of  the  phosphate 
as  contains  its  own  weight  of  phosphoric  acidi  hence  this 
salt  b  a  biphosphate.  It  does  not  crystallize;  but,  when 
evaporated  to  drjmess,  forms  a  white  mass,  somewhat  deli- 
quescent in  the  air.  It  is  soluble  in  water,  but  does  not  dis- 
solve in  acids.  Before  the  blow-pipe,  it  fuses  into  a  trans- 
parent tasteless  glass. 

XII.  ^uadriphosphate  ofLime,/'''^lassy  Phosphoric  Acids,  Qmdrt* 
of  the  Apothecaries.— This  salt  may  be  foroied  by  digest-  pl^wpkaie. 
ing,  for  some  time,  finely  powdered  phosphate  of  lime  in  a 
quantity  of  sulphuric  acid,  sufficient  to  saturate  all  the  lime 
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Book  l  of  the  phosphstc,  and  afterwards  dilutittg'  the  mtsture  with 
DmBioplL  ^  sufficient  quantity  of  water,  and  filtering*  Sulphate  of  lime 
remains  on  the  filter,  and  a  liquid  quadriphosphate  passes 
through.  In  this  process,  the  sulphuric  acid  abstracts  three* 
fourths  of  the  lime  contained  in  the  phosphate,  the  corres- 
ponding portion  of  acid  combining  with  the  remaining  un^ 
decomposed  phosphate*  This  salt,  therefore,  contains  four 
times  the  proportional  quantity  of  phosphoric  acid  that 
exists  in  the  phosphate*  When  evaporated,  it  does  not  crys- 
tallize, but  forms  soft  crusts,  which  are  soluble  in  water, 
and  have  an  acid  taste.  When  heated,  it  readily  melts  into 
a  transparent  tasteless  glass,  insoluble  in  water  and  acids, 
and  not  affecting  vegetable  blues.  It  is  this  salt  from  which 
phosphoric  acid  is  made;  hence  the  name  given  to  it  by  the 
apothecaries*  It  is  this  salt  also,  from  which  phosphate  of 
soda,  is  formed  by  double  decomposition  with  carbonate  of 
soda* 
^SqbphoB-  XIIL  Subphosphate  o/*  ZriiRe*-<— This  salt  occurs  native 
^  *^        under  the  names  of  apatite  or  asparagus  stone.  « 

Tungsute       XIV*  Tutifstate  of  Lime.-^^Tungaten;  Ponderous  Stone. ^^ 
«riime.       ]^  ^^^  ^Q  ^^^^  g^^  ^Yi2i  tungsttc  acid  was  discovered  by 

Scheele*  It  is  somewhat  transparent  and  of  a  yellowisfa 
grey  colour*  It  is  sometimes  crystallized*  It  is  ioscdubie 
in  water^  and  not  altered  by  exposure  to  heat. 

XV.  HYDROFLUATE  OF  LIMB. 

(Uaual  flhemieal  umey  Fluate  of  lAme.^Commoik  namei,  Fiuar  Spar^Der- 

-  "oyMfure  Spar, 

Hydrofla-  1*  This  salt  exists  abundandy  native,  and  therefore  need 
ate ofiime. ij^y^f  ^^  formed  artificially  by  the  chemist*  In  its  pure 
state,  free  from  silica,  it  is  the  salt  from  which  hydrofluoric 
(fluoric)  acid  is  obtained  by  the  action  of  sulphuric  acid« 
Propertiei.  3*  Hydrofluate  of  lime  is  found  frequently  crystallized* 
Its  specific  gravity  is  about  3*15.  It  is  destitute  of  taste, 
and  insoluble  in  water*  It  is  not  altered  by  exposure  to 
air.  When  heatedi  it  decrepitates  and  phosphoresces  strongly 
in  the  dark*  If  it  be  kept  hot  for  some  time,  it  loses  the 
phosphorescent  property,  which  cannot  be  restored,  unless 
its  constituents  are  separated  and  then  recombined*  When 
exposed  to  a  very  intense  heat,  it  melts  into  a  transparent 
glass. 

3.  According  to  an  analysis  by  Sir  H*  Davy,  given  in 
numbers,  in  which  the  acid  is  calculated  proportionabljr 
from  the  equivalent  number  for  lime,  this  sfdt  is  com- 
posed of 

Hydrofluoric  acid.    10"9— 

Lime  39*0<— one  atom. 
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Sapposing^  the  feregoin^  oumbfrs  correct,  and  that  this  CitAr.iv. 
salt  is  a  compoand  of  a  single  atom  of  each  of  its  proxl*  ' 

mate  constituents,  then  the  equivalent  number  for  hydro- 
fluoric acid  would  be  10*9« 

XV  I.  SHicofluate  o/*Zttn^.— This  salt  occurs  very  abun- saieofluite 
dantly  native,  and  cannot  be  distinguished  by  the  eye  from  ^^' 
the  hydrofluate  (fluate).  When  distilled  with  sulphuric  acid, 
h  yields  silicofluoric  acid.  The  difference  between  this  salt 
and  the  last  described  should  be  attended  to;  as  it  is  only 
from  fluor  spar,  perfectly  free  from  silica,  that  the  hydro- 
fluoric (fluoric)  acid  can  be  obtained. 

XVII.  Sulphocyanate  ^JLim^— This  is  a  deliquescent 
salt,  which  may  be  obtained  crystallized  in  needles* 

XVII L  Ferrocyanate  of  Lime»^^Thin  salt  may  be  formed 
by  pouring  fifty-six  parts  of  lime-water  upon  two  parts  of 
perferrocyanate  of  iron  (Prussian  blue),  and  boiling  the 
mixture,  until  it  no  longer  alters  paper  stained  with  tur- 
meric* It  must  then  be  filtered*  The  liquid,  thus  obtained, 
is  a  solution  of  this  salt*  It  has  a  greenish  yeUow  colour 
and  an  unpleasant  bitterish  taste*  When  evaporated^  it 
yields  small  crystalline  grains* 

XIX*  Oxalate  of  lim^.— -This  salt  may  be  formed  by  OiaMje. 
dropping  oxalic  acid  into  a  solution  of  any  salt  of  lime*  It 
immediately  precipitates  in  the  form  of  a  white  powder, 
which  is  destitute  of  taste*  The  readiness  with  which  oxalic 
acid  forms  this  salt,  when  it  comes  in  contact  with  lime, 
makes  it  a  very  useful  test  for  the  presence  of  the  latter 
substance* 

XX*  Tartrate  of  £fin^*— This  salt  may  be  formed  by  Tartnte  of 
adding  carbonate  of  lime  (chalk)  in  powder  to  a  solution,  '^'''*' 
in  boiling  water,  of  bitartrate  of  potash  (cream  of  tartar), 
as  long  as  any  efipervescence  ensues.  The  carbonate  is  de- 
compc^ed;  its  acid  is  evolved  and  causes  the  effervescence, 
while  its  base  combines  with  the  excess  of  acid  in  the 
biurtrate,  and  falls  down  in  the  form  of  an  insoluble  tar- 
trate of  lime*  This  salt  is  a  tasteless  white  powder,  neariy* 
insoluble  in  cold  water*  It  is  rendered  soluble,  however, 
by  being  mixed  with  tartrate  of  potash  fsoluble  tartar)  or 
tartrate  of  potash-and*soda  (Kochelle  salt)* 

XXI*  Tartrate  of  Fotaeh^and-Limc  may  be  formed  by  Tartnte  of 
adding  lime-water  to  a  solution  of  tartrate  of  potash,  until  pot«sb-«id- 
a  precipitate  begins  to  appear,  and  allowing  the  mixture  to 
deposite  crystals  by  spontaneous  evaporation* 

XXII*  Benzoate  of  Lime  may  be  worth  mentioning,  in  BensoAte 
order  to  insert  the  curious  fact  that  it  has  been  found  abun-  <'^''<>^®- 
dantly  in  the  urine  of  cows.  It  is  in  the  form  of  white, 

2T 
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BooKf.   sbitiingf  pointed  prj^HtU  of  a  swe^ti^h  teslf,  vbich  l^r 
^^'"^^^  mucl)  more  soluble  in  tiot  than  in  cold  waicr. 

XXI 11*  MofQxylate  tf  Xime.— Thi9  ia  the  $ak«  found 

cr\  sullizcd  on  the  bark  oi  the  mulberry  tree^  and  from  which 

the  moroxvlic  acid,  already  described,  is  obtained* 

Kioateof        XXIV.  KiTwte  of  Umc  has  already  been  noticed  as  the 

fi»«;  salt  of  Dl  schamps,  from  which  Vaaquelin  first  obtained  the 

kinic  acid*  tt  may  be  prepared  by  macerating  yellow  Peru- 

vitm  bark  in  water,  concentrating  the  liquid  foraged,  and 

setting  it  aside  for  sponuneous  evaporation*  It  is  in  the 

form  of  white  crystals,  destitute  of  taste,  and  having  som< 

fleEibilitv  under  the  teeth.  It  dissolves  in  about  five  times 

used  in  me- its  Weight  of  cold  Water.  It  has  been  used  in  medicine  as 

dieioe.       ^  substitute  for  the  Peruvian  bark,  and  it  is  s^id  to  possess 

all  the  virtues  of  this  valuable  medicine. 

lilt  nf  lalts  Besides  the  stilts  of  lime  here  mentioned,  there  have  beei^ 
^^JJH^^^  described,  more  or  )es$  accurately  by  cbemiste,  the  sul- 
phite, hyposulphite,  selenate,  hydroselena^,  telluratet  bo- 
rate, bypopbosphit^,  .arseniate,  arsenite,  chromate,  molyb- 
date,  antimonite,  urate,  gallate,  purpurate,  sorbate,  succinate, 
a^etttCii  sl^laistate,  citrate,  fnellate,  campborate,  malate, 
ll4:tate,  ^l|berate,  j^^mate,  fmd  boletajte;  but  these  salts  ar^ 
not  of  suffioi^nt  in^portan{:e  to  be  described.  The  remain- 
ing salts  ,of  lime,  suj^uniting  in  number  to  16,  are  un* 
knp^m* 

Geneni         The  sdtt  of  lime  qaay  be  reeognised  by  the  followiog 
^['^|^'^]|[^  general  properties  or  marks. 

aSVmtk  t.  A  large  proportion  of  them  are  insoluble,  and  those 

which  are  soluble  canpot  be  cr^staUized^ 

fl.  The  insoluble  salts,  by  being  boiled  in  a  solution  of 
carbonate  of  potash,  yield  a  white  powder,  which  is  soluble 
with  eilrrvescence  in  nitric  acid,  rad  has  all  the  characters 
of  carbonate  of  lime  (chalk). 

S*  The  soluble  salts,  upon  the  addition  of  potash  or  soda, 
let  fall  a  white  powder,  whidi  has  all  the  properties  of  pore 
Ume. 

4*  When  oxalate  of  ammonia  n  dropped  into  «  aah  of 
lime,  a  dense  white  prtcipitalie  inunediateljr  appears^  con* 
sisting  of  oxalate  of 
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SECTION  VL  -rr-™^ 

SALTS  OF  BARmeS. 

Salts  or  Barttes  are  combinations  of  the  salifiable  baseSalttortiA. 
bar>'tes  with  the  difft-rent  acids.  The  most  important  of  *7t»»  *ijjj 
these  salts  are  the  rollowtng. 

L  Chlorate  of  Baryies.^^mFormtr  chemical  name,  Hy-  Ghiortte  of 
^peroxymuriate  of  fiaryfe*.— This  salt  may  be  obtained '*'^^'' 
snd  purified  by  an  analogous  process  to  that  given  for  form- 
ing chlorate  of  lime,  to  which  salt  the  reader  is  referred. 
It  has  a  sharp  austere  taste,  and  is  soluble  in  about  four 
times  its  weigg;ht  of  cold  water.  When  heated^  it  loses  39 
per  cent,  in  oxygen  gas. 

II.  Hydrochlorate  of  Barytes  does  not  exist.    This  is  HjdrMUo- 
nude  evident  from  the  circumstance,  that  chloride  of  bari-  j^^^ 
um,  artificially  formed^  docs  not  differ  from  the  compound, 
which  is  generally  considered  a  muriate  (hydrochloratc) 

of  barytes.  Hence  the  presumption  is  that  hydrochloric 
(muriatic)  acid  and  barytes  never  come  in  contact  without 
mutual  decomposition. 

III.  lodate  of  Barytes^^^TKis  salt  may  be  oblatned  by 
dissolving  carbonate  of  barytts  in  iodic  acid.  It  precipitates 
in  a  powder,  which,  after  being  .dried,  resembles  flour* 
When  heated  sufficiently,  it  is  decomposed  into  oxygen, 
aodine  and  barytes. 

IV.  Hydrtodate  of  Baryteak^^Thh  salt  is  in  the  form  of 
crystals,  very  soluble  in  water  and  slightly  deliquescent. 
When  exposed  to  the  air,  it  is  partially  decon^poseii;  a  por- 
;tioii  of  Its  acid  is  dissipated,  and  carbonate  of  baryteai 
ibrmed.  In  close  vessels,  it  may  be  heated  to  redness  with- 
jQut  undergoing  alteration;  but  at  the  same  heat  in  the  open 
.air,  it  is  converted  into  iodide  of  barium. 

V.  Sulphate  of  Barytes.^^F ormtrly  called,  Ponderoue  Soipluite  oC 
^ar««— This  salt  is  found  abundantly  in  different  parts  of  ^^T^- 
jhe  world*  Its  composition  was  first  ascertained  by  Gahn*  It 

is  found  native  crysuUized,  but  has  never  been  obtained  ip 
crystals  by  art*  It  is  insoluble  in  water,  and  in  sulphuric 
acid  unless  concentrated  and  boiling.  When  suddenly 
heated,  it  breaks  to  pieces  and  flies  about  with  a  crackling 
noise,  owing  to  the  conversion  of  the  water  which  it  contains 
into  vapour.  Before  the  blow-pipe,  it  melts  into  a  white 
opaque  globule.  When  formed  into  a  thin  cake  with  flour 
smd  water,  and  heated  to  redness,  it  acquires  the  property 
#f  -phosphorescing  in  the  dark.  There  is  a  variety  isi  this 
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Book  l   Bsdt  found  native,  called  Bologna  otoncj  which  has  this  pio- 
PiwMonll.  peity  naturally*  It  is  composed  of 

Sulphuric  acid  40— one  atom. 
Barytes 


ti.. 


Hydrosul- 
phate. 


HjrdroMd. 
plute. 


xfitnto  of 


118 
Supposing  this  salt  to  be  a  compound  of  a  single  atom 
of  each  of  its  ingredients,  then  the  number  representing  an 
atom  of  barytes  would  be  78,  and  that  for  the  salt,  118. 

VI.  Hydrosiilphate  of  Barytes. — Usual  chemical  name^ 
Hydrosulphuret  of  Barytes. — This  salt  may  be  obtained  by 
pouring  boiling  water  over  sulphuret  of  barytes.  As  the  solu* 
tion  obtained  cools,  a  number  of  crystals  form,  which  consist 
of  the  salt  in  question*  In  this  process,  by  the  decomposi- 
tion of  water,  a  large  quantity  of  hydrosulphuric  acid  gas 
(sulphuretted  hydrogen)  becomes  formed;  part  of  which 
combines  with  the  barytes  and  is  deposited  in  crystals* 
The  remainder,  before  it  combines  with  the  barytes,  unites 
with  an  excess  of  sulphur,  and  then  forms,  with  this  alkaline 
base,  a  hydrosulphite  (hydroguretted  sulphuret),  which  re- 
mains in  solution.  Hydrosulphate  of  barytes  is  in  the  form 
of  white  crystals,  possessing  a  silky  lustre.  Its  solution  in 
water  has  a  slight  green  tinge,  and  an  acrid  and  sulphureous 
taste.  When  exposed  to  the  air,  it  is  readily  decomposed* 

VII.  Hydrosulphite  of  Barytes.^^XJsxiA  chemical  name, 
Hydroguretted  Sulphuret  of  Barytes.^^This  salt  remains  in 
solution,  after  the  crystals  of  hydrosulphate  of  barytes  have 
deposited  from  the  liquid,  formed  by  treating  sulphuret  of 
barytes  with  boiling  water.  It  has  a  green  colour  and  an 
acrid  taste. 

VIII.  Nitrate  of  Barytes. — ^This  salt  may  be  obtained 
by  dissolving  native  carbonate  of  barytes  (witherite)  in 
nitric  acid,  and  evaporating  the  solution,  until  crystals 
form.  It  has  a  hot,  acrid  and  austere  taste.  It  is  soluble  in 
twelve  parts  of  cold  water,  and  in  three  or  four  parts  of  boil- 
ing water.  Its  specific  gravity  is  2'9.  It  undergoes  very 
little  change  in  the  air.  When  exposed  to  heat  on  coah,  it 
decrepitates,  undergoes  a  kind  of  fusion,  and  afterwu-ds 
becomes  dry*  In  a  very  strong  heat,  its  acid  is  dissipated, 
and  pure  barytes  remams  behind*  It  is  composed  of 

Nitric  acid       54— one  atom* 
Barytes  78-* 

132 
On  the  supposition  that  this  salt  contains  one  atom  of 
barytes  only,  it  is  perceived,  that,  from  its  compositioOf 
the  same  equivalent  number  is  deduced  for  the  atom  of 
barytes,  as  from  the  composition  of  the  sulphate. 
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IX.  Carbonate  e/Barytes^'^-^WitherHe  of  Mineralogists.^*-  Chat.  iv. 
This  salt  may  be  prepared,  artificially,  by  exposing  barytes  Cwbonate 
water  to  the  open  air,  or  by  submitting  it  to  the  action  of  a  of  barytes. 
stream  of  carbonic  acid  gas*  It  was  first  examined  by  Berg- 
man; but  Or*  Withering  discovered  it  native,  and  hence  its 

name  of  witherite.  It  exists  native  in  crystak.  It  has  no 
sensible  taste.  The  specific  gravity  of  native  specimens  is 
4*3,  while  that  of  the  salt,  artificially  formed,  scarcely  ex- 
ceeds 3*7.  It  is  but  sparingly  soluble  in  water,  and  not 
altered  by  exposure  to  the  air.  In  a  very  violent  heat  along 
with  charcoal,  it  is  decomposed.  It  is  not  employed  in  me- 
dicine, but  is  used  in  the  preparation  of  the  chloride  of 
barium,  which  is  officinal.  It  is  composed  of 

Carbonic  acid       22-— one  atom. 

Barytes^  78— 

ICX) 
The  above  numbers  scarcely  differ  from  those  of  the  most 
careful  analyses,  heretofore  made  of  this  salt.  This,  there^ 
fore,  is  an  additional  evidence  that  78  is  the  real  equivalent 
number  for  barytes. 

X.  HydrofiiULte  of  Baryte^.-^-AJswdl  chemical  name,  Flu-  Hydroflu' 
ate  of  Barytea.'^^VfhcVk  hydrofluoric  (fluoric)  acid  is  drop- ■^•^  **•' 
ped  into  barytes  water,  this  salt  is  precipitated  in  white 
flocks,  which  are  tasteless,  and  insoluble  in  water. 

XL  Stlicojluate  of  Barytes.^^Uswdl  chemical  name,  Silt' 
eated  Filiate  of  Barytes. '^Whtn  nitrate  of  barytes  is  poured 
into  silicofluoric  (fluosilicic)  acid,  after  an  interval  of  some 
minutes,  this  salt  precipitates  in  the  form  of  small  hard 
crystals,  which  are  insoluble  in  water,  and  in  nitric  and  hy- 
drochloric (muriatic)  acids. 

XII.  Sulphocyanate  of  Barytes  is  a  deliquescent  salt  in 
the  form  of  crystals  of  a  brilliant  white  colour. 

XIII.  Ferrocyanate  of  Barytes.'-^Th\3  salt  may  be  form-  Ferroe^a- 
ed  by  adding  perferrocyanate  of  iron  (Prussian  blue)  to  hot  "'J^,  *' 
barytes  water,  until  the  former  ceases  to  be  discoloured. 

The  liquid  thus  obtained,  after  being  filtered  and  gently 
evaporated,  yields  crystak  consisting  of  this  salt.  It  has  a 
yellow  colour,  and  is  sparingly  soluble  in  water.  When  ex- 
posed to  a  red  heat,  it  is  decomposed,  and  its  acid  destroy- 
ed. According  to  an  analysis  by  Porrett,  it  is  composed  of 

Ferrocyanic  acid      68*2-— 

Barytes  78-0 — 

Assuming  78  for  the  equivalent  number  for  barytes,  it  is 
perceived  that  the  proportion,  in  which  the  proximate, con- 
stituents of  this  salt  combine,  goes  to  confirm  the  chemical 
constitution,  assigned  by  Porrett  to  the  ferrocyanic  acid. 
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Booc  I.  XIV.  AcettOe  of  Banftes^^^Whtn  fnrjrlfi»  or  itt  cilbo- 
Diviwonlt  ogte  is  diBBolTed  iQ  acctic  acid,  or  when  the  sulphuret  of 
^Aeeute.  barytes  is  deoomposcd  by  the  same  acid,  the  liifiud  foroied 
depoBites  this  salt,  by  spoDtaneous  eTaporation,  ia  transpa^ 
rent  tteedle-foriii  cnsials.  it  has  aa  acrid  and  scMnewlMit 
bitcer  taste,  and  effloresces  in  the  air.  It  is  decomposed  by 
almost  all  the  sulphates;  its  base  precipitating,  in  combina* 
tioD  with  sulphuric  acid.  From  this  circumstance,  it  is  often 
employed  to  detect  sulphuric  acid  iu  solutions* 


of  the        Of  the  remaining  salts  of  barytes,  there  hate  been  more^ 
''t'^ot'  ^^  ^^^^  described  by  chemists,  the  sulphite,  selenate,  hydr^ 
dcMribed.   selenatc,  tellurate,  borate,  phosphate,  phosphite,  hypophos- 
phite,  arseniate,  arsenite,  chromate,  tungstate,  antimoniate, 
antimonite,  urate,  purpurate,  formate,  oxalate,  sorbate,  suc- 
cinate, tartrate,  benzoate,  sadactate,  citrate,  mellate,  cam- 
phorate,  malatc,  lactate,  suberate,  zumate,  and  boletate;  but 
these  salts  are  of  too  little  importance  to  be  described*  The 
rest  of  the  salts  of  barytes,  amounting  in  number  to  18,  are 
unknown. 
Chemical        Several  of  the  salts  of  barytes  are  of  considerable  im- 
Miu  rf  b«*  poitance  to  the  chemist.   It  was  by  taking  advantage  of  the 
rytei.         insolubflity  of  the  sulphate,  that  Porrett  was  enabled  to  in- 
sulate  the  ferrocyanic  acid,   and   Gay-Lussac,  to  obtain 
chloric  acid  in  a  separate  state.  The  processes,  by  \fhich 
these  acids  are  obtained,  have  been  already  described. 
Thej  are        ^\i  tJie  salts  of  barytes  are  prisonous,  unless  the  sulphate 
poMonoui.  .^  ^^  exception.  The  innocence  of  this  salt  is  to  be  attribu- 
ted to  its  great  insolubility.  What  was  formerly  considered 
to  be  a  muriate  (hydruchlorate)  of  barytes,  -but  now  found 
a  chloride  of  barium,  has  been  used  in  medicine;  but  its 
utility,  as  a  remedy,  is  rather  equivocal.  The  medical  pro- 
perties attributed  to  it  have  been  noticed  under  the  head  of 
chloride  of  barium. 
The  ooDtti-     By  the  analyses,  which  have  been  selected  in  the  present 
ll^^,       section,  the  reader  has  no  doubt  observed,  that  TS  repre- 
may  beoai-sents  the  atom,  or,  if  the  term  be  preferred,  the  combining 
^!^^r-    ^cigfht  of  barytes.  This  alkaline  base  has  not  been  analyzed 
tain  dau.    with  precision,  but  notwithstanding  the  proportion  in  which 
its  constituents  combine  may  be  made  evident,  by  data  fur- 
nished in  the  anailysis  of  chloride  of  barium,  given  at  page 
61.  By  this  analysis,  it  is  perceived,  that  the  number  repre- 
senting the  atom,  or  combining  weight,  of  barium  is  70. 
Now  if  it  be  supposed,  agreeably  to  the  analogy  of  the 
other  alkaline  salifiable  bases,   that  barytes  contains  one 
atom  only  of  oxygen,  then  the   weight  of  its  compound 


1 


SALTS  09  STBONTIAN.  335 


atom  would  he  70+a«»r8|  the  saoie  oumber,  which  is  oh-  C8a».iv. 
tained  |>y  the  aoalytis  of  the  salu  of  barytea-  This  coioci-  ***-*-*-^ 
dence  makes  it  almost  cerUun,  without  recourse  to 
that  barytes  is  composed  of  70  barium+S  oxygen* 

The  salts  of  barytes  may  be  known  by  the  following  General 
general  properties  or  marks.  5f^*Mlito 

1.  A  large  propbrtion  of  them  are  insoluble  in  water,ofbu7teib 
even  larger  than  of  the  salts  of  lime. 

8.  When  a  small  quantity  of  sulphate  of  soda  (Glauber's 
salt)  is  dropped  into  them,  there  is  formed  a  white  precipi* 
tate,  which  is  insoluble  in  sulphuric  acid,  and  has  Uie  pro- 
perties of  sulphate  of  barytes. 

3.  When  heat  is  applied  to  them,  they  remain  unaltered, 
unless  they  should  contain  a  combustible  or  volatile  acid. 
In  the  first  case,  the  acid  is  driven  off;  in  the  second,  it  is 
converted  into  carbonic  acid,  which  combines  with  the 
barytes. 


SECTION  VIL 

SALTS  OF  STRONTIAN. 

Salts  o?  Stronti an  are  combinations  of  strontian  with  S»iu  of 
the  different  acids.  The  following  are  the  most  important  ^^ 
of  these  salts.  poQuds. 

I.  Chlorate  of  Strontiaru^^VormtT  chemical  name,  J7y- Chlorate  of 
peroxymuriate  (ff  iSltronWan.— Thb  salt  may  be  obtained  ■t«»^n- 
and  purified  by  a  similar  process  to  that  given  for  obtaining 
chlorate  of -lime.  It  is  in  the  form  of  deliquescent  crystals. 

On  burning  coals,  it  undergoes  fusion  and  emits  a  purple 
flame. 

II.  Hydrochhrate  of  StronAan  does  not  eust.   When  Hydrochio- 
hydrochloric  acid  and  strontian  are  allowed  to  act  oa  each  nte  does 
other,  a  double  decomposition  takes  place,  and  water  and"^^^^^^' 
cMoridc  of  strontium  are  formed. 

III.  lodaU  of  Strontiaihf^^ThiB  salt  may  be  obtained  by 
dissolving  carbonate  of  strontian  in  iodic  acid.  It  is  in  die 
fona  of  small  crystals  which  are  soluble  in  water. 

IV.  Hydtiodate  of  Strontian.*^Thi%  salt  is  very  soluble 
in  water.  It  melts,  when  exposed  to  a  heat  rather  below 
redness.  Its  fusion  produces  but  little  alteration  in  close 
vessels,  but,  in  the  opien  air,  causes  a  partial  decompositioa, 
vapmirs  of  iodine  being  emitted. 

V.  Stdphate  of  iftronlMni.— >This  salt  may  be  formed  Saiphate. 
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Book  I.  artificially  by  dropping  sulphuric  acid  into  strontian  water. 
BiTjaion  II.  j^  occurs  abundantly  native,  usually  in  the  form  of  crystals, 
in  different  parts  of  the  world.  It  is  destitute  of  taste,  and 
scarcely  soluble  in  water.  Sulphuric  acid  dissolves  it  rea- 
dily by  the  assistance  of  heat;  but  it  is  separated  again  by 
the  addition  of  water.  It  is  composed  of 

Sulphuric  acid        40— -one  atom. 
Strontian 


92 
The  numbers,  above  given,  scarcely  differ  from  the  most 
accurate  analyses,  hitherto  made  of  this  salt.    Supposing 
one  atom  only  of  strontian  in  its  composition,  then  the 
number  representing  the  atom  of  strontian  would  be  52. 
Nitrate.  VI.  Nitrate  of  Strontian. — ^This  salt  may  be  formed, 

either  by  dissolving  carbonate  of  strontian  in  nitric  acid,  or 
decomposing  the  sulphuret  of  strontian  by  means  of  the 
same  acid.  In  either  case,  the  liquid  obtained  is  evaporated 
to  dryness,  re-dissolved  in  water,  and  then  evaporated  slow* 
ly,  until  crystals  form.   This  salt  has  a  strong,  pungent, 
cooling  taste.   Its  crystals  are  perfectly  transparent,  and 
possess  a  great  deal  of  lustre.    Its  specific  gravity  is  3*006. 
It  is  soluble  in  its  own  weight  of  cold  water,  and  in  a  little 
more  than  half  its  weight  of  boiling  water.   In  the  air,  it 
undergoes  no  change*   It  deflagrates  on  hot  coals;  and,  in  a 
crucible  exposed  to  heat,  it  first  decrepitates  gently,  and 
then  melts.  At  a  red  heat,  it  boils  and  its  acid  is  dissipated. 
If  a  combustible  be  brought  in  contact  with  it  at  this  time, 
it  deflagrates  with  a  vivid  red   flame.    When  one  of  its 
crystals  is  put  into  the  wick  of  a  burning  candle,  it  com- 
municates a  purple  colour  to  its  flame.  It  is  composed  of 
Nitric  acid        54— one  atom. 
Strontian  52— 

106 
The  numbers,'  above  given,  scarcely  diflper  from  those  of  die 
best  analyses,  heretofore  made  of  this  salt  and  ^  is  per- 
ceived that  the  equivalent  number  for  strontian  turns  out  to 
be  the  same  as  when  deduced  from  the  sulphate. 
Carbonate.  VII*  Carbonate  o/ Strontian^^-^TbiB  salt  has  been  found 
motive  at  Strontian  and  LeadhiUs,  in  Scotland.  It  was  first 
distinguished  from  carbonate  of  barytes,  in  1798,  by  Ceaw- 
ford.  It  is  usually  found  in  striated,  semi-traiisparent  masses 
of  a  greenish  tinge.  Its  specific  gravity  is  about  3*66*  It 
has  no  taste,  and  is  nearly  insoluble  in  water*  It  is  not  al- 
tered by  exposure  to  air.  When  made  into  a  paste  with 
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ohaitoal  and  strongly  heated,  it  b  entirely  decomposed^   It  OHA>«fV. 
IS  composed  of  ' 

Carbonic  acid        22««M>ne  atom* 

Strontian 


74 
As  the  same  quantity  of  strontian  combines  with  an  atooft 
of  carbonic  acid,  as  with  an  atom  of  sulphuric  or  nitric 
acid,  the  equivalent  number  for  an  atom  of  this  base  may 
be  safely  taken  at  52;  and  74  may  be  considered  as  the 
number  representing  the  weight  of  an  atom  of  carbonate  of 
sVontian. 

VIII.  Hydrofluate  ofStronttan.'^V&U9l  chemical  name,  Hydi«fla^ 
Fhiate  of  Strontian.'-^Wht:n  hydrofluoric  (fluoric)  acid  is*t«* 
dropped  into  strontian  water,  this  salt  precipitates  in  the 

form  of  a  white  powder,  insoluble  in  water,  but  soluble  in 
hydrofluoric  (fluoric),  nitric,  and  hydrochloric  (muriatic) 
acids.  ^  ^ 

IX.  Ferrocyanate  of  Strontian.''^\Jsu9l  chemical  names,  Pnnup^ 
Triple  Prwtsiate  of  Strontian;  Prussiate  of  Strontian-and-  '»«'«• 
^on.— 'This  salt  may  be  formed  by  adding  perfcrrocyanate 

of  iron  (Prussian  blue)  to  hot  strontian  water,  as  long  at 
the  former  becomes  discoloured,  and  evaporating  gendy 
the  liquid  obtained,  until  it  deposites  crystals*  It  does  not 
crystallize  nearly  so  readily  as  the  ferrocyanate  of  barytes* 
When  evaporated  to  dryness,  it  does  not  deliquesce.  It  is 
soluble  in  less  than  four  times  its  weight  of  cold  water* 

Of  the  remaining  salts  of  strontian,  the  following  haveLittoftttU 
been  more  or  less  examined  by  chemists;  namely,  the  hy-  ^"J^^ 
posulphite,  hydrosulphate,  hydrosuiphitr,  selenate,  hydro-ed. 
selenate,  borate,  phosphate,  hypophosphite,  arseniate,  arse«> 
^te,  chromate,  sulphocyanate,   urate,  purpurate,  oxalate, 
succinate,  acetate,  tartrate,  citrate  and  zumate;  but  these 
salts  are  of  too  little  importance  to  be  described.   The  rest 
of  tht  salts  of  8tn>ntian,  amounting  to  34,  are  unknown. 

From  the  analyses,  which  have  been  gi^en  of  the  salts  of  The  com* 
strontian,  it  appears  that  the  atom  or  combining  weight  of  J^^IJJJ^ 
strontian  is  represented  by  52.    By  the  composition  of  the  may  be  oaf» 
chloride  of  strontium,  it  appears  that  the  atom  of  strontium  ««**t«>* 
IS  represented  by  44.  Now,  if  it  be  supposed  that  strontian 
contains  one  atom  of  oxygen^  then  its  composition  will  be 
44  strontium  +  8  oxygen  ^  52.'This  composition  agreeing 
precisely  with  the  equivalent  number  for  strontian,  deduced 
from  its  salts,  its  correctness  may  be  considered  as  almost 
Gertain.  ^ 

The  salts  of  strontian  may  be  distinguished  by  the  fol-  Genetii 
lowing  properties  or  marks*  »rop«rt4#i 

3U 
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BoMcf.       !•  The^  are  in  general  more  soloUe  diask  the  askn  ^ 

Divigjon  tl.  barytcs^  but  Uss  so  ihan  the  salts  of  lime. 

of thcBatu      s.  Ihcir  solutions  in  water  are  preciptuted  by  the  aul« 

otstrontian.  pj^ates,  phosphates,  and  oxalates. 

3^  They  are  distinguished  from  the  salts  of  bar3rte8,  very 
readily,  by  means  of  oxalate  of  ammonia.  This  salt,  when 
dropped  into  the  salts  of  strontian,  produces  no  precipitate; 
but  when  added  to  the  salts  of  barytes,  a  precipitate  imme- 
diately appears. 

4.  A  piece  of  paper,  dipped  in  a  salt  of  strontian  and 
set  on  fire,  bums  with  a  red  flame;  but  after  being  dipped 
into  a  salt  of  barytes,  it  burns  with  a  yellow  flame. 

5.  The  salts  of  strontian  are  not  poisonous,  as  is  the  case 
^ith  the  salts  of  barytes. 


SECTION  VIII. 

SALTS  OF  MAGNESIA. 

Silts  of  Salts  of  Maonesia  are  combinations  of  magnesia  with 
^[J*JJ^^^  the  different  acids.  The  following  are  the  most  important 
pouDda.  of  these  salts. 

Chlorate  of     I*  Chlorate  of  Magnesia*'^¥ormer  chemical  name,  JBt/- 

magoeda.  perooeymuriate  of  Magnesia  — This  salt  may  be  prepared 

and  purified  in  the  same  manner  as  the  chlorate  of  lime, 

which  it  resembles  very  much  in  properties. 

Hydrocblo-     II.  Hydrochhrate  of  Magnesia  does  not  exist*  What 

JJJ*  ^?**    had  been  previously  considered  a  muriate  (hydrochlorate) 

of  magnesia  does  not  differ  from  chloride  of  magnesium, 

arcificially  formed.  Hence  there  is  reason  to  believe  that 

hydrochloric  (muriatic)  acid  and  magnesia  never  act  upon 

each  other  without  mutual  decomposition. 

III.  Hydriodate  of  Magnesia^-^This  is  a  deliquescent), 
difficultly  crystallizable  ssdt,  which  is  decomposed  when 
heated  to  redness,  its  acid  being  driven  off. 

IV.  SULPHATE  OP  MAGNESIA. 

(Common  names,  Vitriolated  Magnetia^Eptom  SmU.) 

Sulphate  of     !•  This  salt  is  obtained,  in  great  abundance,  by  evapora- 
^agnetia;    tion,  from  the  bittern,  left  after  the  extraction  of  chloride  qS 
li^f*'^'    sodium  (common  salt)  from  sea  water.  It  exists  plentifull/ 
in  the  springs  at  Epsom  in  England,  from  which  it  is  ob- 
tained in  considerable  quantity,  mixed  with  a  portion  of 
sulphate  of  soda  (Glauber's  salt). 
2.  It  is  obtained  in  Italy  from  certain  minerals  contain*^ 
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isg  sulphur  asd nagoems.  Thetc  ouaenls  are  fitat roasted,  Ckm^vt. 

SDd  afterwards  moiatened  with  water  and  espoaed  to  the 

air*  By  this  treatment,  the  lulphur  becomes  acidified,  and 
the  sulphate  of  magnesia  effloresces  on  their  sur&oe»  The 
salt  is  afterwards  purified  by  solution  in  water,  by  treatment 
with  lime  to  precipitate  any  metallic  substance,  and  by  re- 
peated crystallizations. 

3.  Sulphate  of  magnesia  has  an  intensely  bitter  taste.  Its  Proper* 
specific  gravity  is  1*66«  It  dissolves  in  its  own  weight  of  ^'^' 
cold  water,  and  in  rather  less  than  two-thirds  of  its  weight 
of  boiling  water.  When  exposed  to  the  air,  it  effloresces 
and  is  reduced  to  powder.  Its  deliquescence  is  owing  to  the 
presence  of  chloride  of  magnesium  (muriate  of  magnesia.) 
when  exposed  to  heat,  it  undergoes  the  watery  fusion,  and 
afterwards,  if  the  temperature  be  increased,  its  water,  which 
amounts  to  about  half  its  weight,  is  driven  off,  and  the  salt 
becomes  dry;  but  it  is  not  decomposed,  however  high  the 
temperature  may  be  raised.  Before  the  blow.pipe,  it  melts 
with  difficulty  into  a  vitreous  globule.  It  is  composed  of      Compwi- 

Sulphuric  acid  40— one  atom.  ^^' 

Magnesia 


60 
Supposing  this  salt  to  contain  but  one  atom  of  its  base, 
then  the  equivalent  number  for  magnesia  would  be  20. 

4.  In  medicine,  sulphate  of  magnesia  is  a  mild  and  gentle 
purgative,  operating,  in  general,  without  occasioning  grip-  P'^P*'^**- 
ing  or  sickness  of  stomach.  It  may  be  so  managed,  however, 
as  to  promote  evacuation  through  other  channels.  If  the 
patient  be  kept  warm  after  its  exhibition,  it  promotes  per- 
spiration; and,  if  he  take  exercise  in  the  cool  air,  it  pro- 
duces discharges  through  the  kidneys.  Its  dose  is  from  • 
six  drachms  to  one  ounce. 

V.  Nitrate  o/*iI!sfeg^^*/a.— This  salt  may  be  prepared  by  Nltnteof 
saturating  nitric  acid  with  magnesia,  and  evaporating  the  ""»«»«•*• 
solution  d)us  obtained  to  a  proper  consistency.  It  precipi- 
tates in  the  form  of  crystals,  which  have  a  bitter  and  dis- 
agreeable taste.  It  dissolves  in  a  little  more  than  its  weight 
of  cold  water,  and  in  a  smaller  proportion  of  boiling  water. 
In  the  air,  it  is  deliquescent.  When  exposed  to  heat,  it 
undergoes  the  watery  fusion,  and,  if  the  heat  be  continued, 
loses  its  water  of  crystallization,  amounting  to  about  thirty 

Eer  cent,  and  is  converted  into  a  dry  powder.  In  a  strong 
eat,  its  acid  is  decomposed  and  driven  off,  while  its  base 
remains  behind  in  a  state  of  purity.  It  is  composed  of 

Nitric  acid    54— one  atom. 
Magnesia 


74 


1.  Cftrbo* 
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Book  I.   If  this  salt  Contain  but  one  atom  of  its  base^  dien  tbe 
Pimhm  li.  equivalent  number  for  magnesia  will  be  twcncjr,  exactly' 
the  same  number  which  is  deduced  from  the  composition 
of  the  sulphate* 

Magneiia    Carbonic  acid  combines  in  two  proportions  with  magnesis^ 
MOuVitiT       ^^^  forms  carbonate  and  bicarbonate  of  magnesia* 

^»rbom9  W,  CARBONATE  OF  MAGNESIA, 

add. 

(Commonly  ealled,  ¥FhUe  mftagnetia.) 

^  l.This  salt  may  be  obtained  by  mixing  together,  sola* 
tions  of  «fqual  parts  of  sulphate  of  magnesia  T Epsom  salt) 
.  and  carbonate  of  potash  (salt  of  tartar),  and  boiling  them 
for  some  time;  a  white  precipitate  is  formed,  which  con- 
sists of  carbonate  of  magnesia*  It  must  be  washed  repeat- 
edly with  water^  until  this  liquid  comes  oflf  tasteless* 

2*  The  explanation  of  the  above  process  is  this:  By  the 
mutual  action  of  the  salts  employed,  a  double  decomposi- 
tion takes  place,  and  there  is  formeti  sulphate  of  potash  (vi- 
triolated  tartar)  and  bicarbonate  of  magnesia*  Both  these 
salts  remain  in  solution  at  first;  but,  by  the  subsequent  boil- 
ing, some  carbonic  acid  is  driven  off,  whereby  the  bicarbo* 
nate  is  converts  d  into  a  carbonate,  which,  being  insoluble, 
immediately  forms  a  precipitate*  It  requires  to  be  washed, 
in  order  to  dissolve  away  any  sulphate  of  potash,  with 
which  it  may  be  mixed* 

3*  Carbonate  of  magnesia,  in  the  large  way,  is  generally 
obtained  from  bittern,  or  the  liquor  which  is  left  after  the 
crystallization  of  chloride  of  sodium  (common  salt),  in  salt 
works.  This  liquor  contains  chloride  of  magnesium  (mu« 
riate  of  magnesia)  and  sulphate  of  magnesia* 

4*  It  may  be  obtained  also  in  the  process  for  forming  sut* 
phate  of  ammonia,  for  the  purpose  of  forming  afterwards 
hydrochlorate  of  ammonia  (sal  ammoniac)  by  double  decom- 
position with  chloride  of  sodium  (common  salt)*  I'his  sul« 
phate  is  prepared  by  double  decomposition,  from  sulphate  of 
magnesia  (Eosom  salt)  and  carbonate  of  ammonia  (mild 
▼olatile  alkali);  and  there  is  obtained,  at  the  same  time,  a 
carbonate  of  magnesia*  By  this  process,  it  was  manufactur- 
ed by  Dr*  Campbell  in  England* 

5*  This  salt  exists  abundantly  native,  in  the  magnesian 
lime->stone  of  England*  It  has  been  for  a  long  time  known, 
but  its  composition  was  first  ascertained  by  Dr*  Black* 

6*  Carbonate  of  magnesia  is  a  very  light,  white,  opaque 
substance,  destitute  of  taste  or  smell*  It  is  soluble  in  about 
4S0  times  its  weight  of  water# 
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7*  It  is  composed  of  Cbap.  iv. 

Carbonic  acid        33— ^ne  atom*  . 

Magnesia  18-* 

40 
This  analysis  givts  18  for  the  equivalent  number  of  mag- 
nesia. This  number  does  not  agree  very  well  with  that  de- 
duced from  the  composition  of  the  sulphate  and  nitrate. 

8.  As  a  medicine,  the  properties  of  carbonate  of  magnesia  MedM 
are  those  of  a  purgative  and  corrector  oi  acidity.  Its  purga-  propcrtiM.. 
ti^  e  property «  however,  is  not  very  manifest,,  unless  it  meet 
with  an  acid  in  the  stomach;  in  which  case,  it  is  decomposed, 
and  iis  base,  combining  ^ith  such  acid,  forms  a  new  com- 
pound, which  often  proves  purgative.  When  such  a. decom- 
position takes  place,  the  extrication  of  carbotiic  acid  will 
sometimes  create  a  troubltsome  flatulence. 

YU.  BICARBONATE  OP  MAGNESIA. 

1.  This  salt  may  be  obtained  by  mixing  together,  in  so-  s.  BiMrbo* 
lutton,  123  parts  of  sulphate  of  magnesia  (Epsom  salt)  and  ^[Jl^^ 
136  parts  of  carbonate  of  soda,  and  filtering  the  liquid 
formed.  In  a  few  days,  the  bicarisonate  falls  down  in  crys- 
tals. It  may  be  formed  also  by  passing  carbonic  acid  into 
water,  in  which  carbonate  of  magnesia  has  been  diflfused. 
The  carbonate  is  thereby  converted  into  a  bicarbonate,  and 
dissolves  in  the  water. 

3.  This  salt  has  little  Uste.  It  is  soluble  in  about  48  parts  Propcrtiei. 
of  cold  water  when  in  crystals;  but  in  powder,  it  requires  at 

least  ten  times  as  much  for  solution.  When  exposed  to  the 
air,  it  effloresces  and  falls  into  powder.  It  contains  about  25 
per  cent,  of  water.   When  heated,  it  decrepitates,  becomes 
converted  into  a  powder  and  is  decomposed* 
3*  It  is  composed  of 

Carbonic  acid      44-^wo  atoms. 
.Magnesia  22— 

66 
Bv  this  analysis,  22  turns  out  to  be  the  equivalent  number 
for  magnesia,  which  differs  from  that  deduced  from  the 
composition  of  the  sulphate  and  nitrate.  These  two^salts 
give  it  at  20.  There  is  reason,  however,  to  consider  20  as 
the  correct  number,  since  the  mean  of  the  numbers,  afford- 
ed in  the  analysis  of  the  two  carbonates,  is  exactly  20. 

4.  There  can  be  very  little  doubt  that  the  bicarbonate  of  Asoodsoi. 
magnesia  would  prove  a  very  excellent  substitute  for  the'J^'***^ 
common  carbonate  as  a  medicine.  The  additional  quantity  n^te  m  a 
of  carbonic  acid,  which  it  contains,  could  not  fail  to  make 
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Book  I.    it  better  suited  to  some  cases,  in  whieh'  the  ooosmon  cftrbo->- 

Di^won  ».  Q^^^  jg  used,  and  its  solubility,  in  this  state  of  preparation* 

>     would  render  it  much  less  disagreeable  to  be  swallowed. 

There  is  very  little  question  that  the  different  preparations 

of  magnesia  in  the  liquid  form,  sold  in  the  United  States, 

are  nothing  else  but  solutions  of  bicarbonate  of  magnesia. 

Phosphate  VIII-  Phosphate  of  Mag7iesia»^^Whtn  the  solutions  of 
of  magne-  phosphate  of  soda  and  sulphate  of  magnesia  (Epsom  salt) 
are  mixed  together,  no  apparent  change  takes  place  at  first. 
In  a  few  hours,  however,  this  salt  forms  in  large  transpa- 
rent crystals,  possessing  very  little  taste,  but  leaving  a 
cooling  and  sweetish  impression  on  the  tongue.  It  is  solu- 
ble in  al^ut  15  parts  of  cold  water,  and  in  a  smaller  quan- 
tity of  boiling  water.  In  the  open  air,  it  loses  its  water  of 
crystallization  and  falls  to  powder.  It  has  been  detected  in 
the  bones  of  all  animals^  except  those  of  man. 
Hydro-  IX.  Hydrofiuote  of  Jfa^^Jta.-— Usual  chemical  name, 

Auate.  Fkiate  ^JlfojTima.— This,  salt  may  be  formed  by  dissolv- 
ing carbonate  of  magnesia  in  hydrofluoric  (fluoric)  acid. 
When  thus  obtained,  it  is  a  tasteless  white  powder,  insolu- 
ble in  water,  and  scarcely  soluble  in  acids.  When  formed, 
by  double  decomposition,  from  hydmflaate  (fluate)  of  pot* 
ash  and  sulphate  of  magnesia,  it  is  at  first  in  the  rorm  of  a 
gelatinous  mass,  soluble  in  acids;  but  after  it  has  become 
dry,  it  is  insoluble. 

X.   Tartrate  of  Magneiiih'-^This  salt  is  insoluUe,  unless 
it  contains  an  excess  of  acid,  in  which  case  it  may  be  ob* 
tained  by  evaporation  in  small  crystals. 
Tartrate  of     ^I*   Tartrate  of  Potash-and-Magnesiom'^Thin  salt  may 
potash-and-be  formed  by  dissolving  magnesia,  or  its  carbonate,   in 
ma^esia.    bjiartrate  of  potash  (tartar).  The  extra  atomof  tartaric  acid, 
in  the  bitartrate,  becomes  saturated  with  magnesia,  and 
thus  the  triple  salt  is  formed.  Its  properties  have  not  been 
investigated.  Its  constituents  render  it  deserving  of  a  care- 
ful examination  by  physicians,  with  a  view  to  its  medicinal 
powers. 

List  of  the        Besides   the   salts  of  magnesia  just   described,  there 

mi^nnia    ^^^^  ^^^^  more  or  less  examined  by  chemists,  the  am- 

not  desorib- monio- sulphate,  potasso-sulphate,  soda-sulphate,  sulphite) 

^*  ammonio-sulphite,  hydrosulphate,  hydrosulphite,  selenate, 

hydroselenate,    ammonio*nitrate,    borate,    ammonio-phos- 

phate,  arseniate,  chromate,  molybdate,  tungstate,  sulphocy- 

anate,  ferrocyanate,  urate,  purpurate,  gallate,  oxalate^  sor- 

bate,  succinate,  acetate,  benzoate,  aaclactate,  citrate^  cam- 

phorate,  malate,  lactate,  ammonio-lactate,   suberate,   and 
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suniate*  Th«  rest  of  the  salts  of  magDesia,  amoonliog  in  Cbj».  iv. 
number  to  27,  art  unknown.  — — -. 

Assuming  20*  as  the  true  number  representing  the  atom  Contdtu- 
or  combininff  weiirht  of  mairnesia,  what  composition  can  be  ^"^  ^. 
reasonably  assigned  to  this  suostance,  m  confirmation  of  its  deiiueed 
correctness?    in  answer  to  this  question,  it  may  be  saiil^  th*^>«^ 
tfiat  the  atom  of  magnesium,  as  deduced  from  its  chloride^  ^  ^' 
turns  out  to  be  12.  Now  if  it  be  supposed,  that  magnesia  is 
a  compound  of  one  atom  of  magnesium  and  one  atom  of 
oxygen,  its  equivalent  number  will  be  l2+b^»iO^  the  same 
number  as  given  by  the  salts  of  magnesia.   This»  therefore, 
may  be  considered  the  true  composition  of  magnesia* 

The  salts  of  magnesia  may  be  known  by  the  following  Geneni 
ffeneral  properties  or  marks.  ?J?P*'^5?. 

1*  A  large  proportion  of  them  are  soluble  in  water  andofnuigae- 
capable  of  crystallization*  ^^ 

2.  They  let  £sll  a  white  flocky  precipitate,  when  potash 
Of  soda,  or  the  carbonates  ot  these  alkaline  bases,  are  drop* 
ped  into  their  solutions*  When  the  pure  bases  are  used,  the 
precipitate  is  pure  magnesia;  but  when  the  carbonates  are 
employed,  the  precipitate  is  carbonate  of  magnesia* 

3*  If  phosphate  of  soda  be  dropped  into  a  salt  of  mag- 
nesia, no  apparent  change  takes  place;  but  afterwards,  if 
ammonia  be  added,  a  triple  salt,  composed  of  phosphoric 
acid,  ammonia  and  magnesia,  will  fall  in  the  form  of  a  white 
precipitate* 


SECTION  IX. 

SALTS  OP  YTTBIA. 

Salts  of  Yttria  are  combinations  of  the  earthy  salifiable  Saiu  of 
base  yttria  with  the  different  acids*  Five  only  of  these  ^^y^ 
compounds  will  be  described.  poundi. 

I*  HydrocMorate  of  Tttria.'^Formcr  chemical  name,  HydroehUK 
Muriate  of  Tttrta.'^^'This  salt  does  not  crystallize,  but  2x-"f^^y^' 
tracts  moisture  very  rapidly  from  the  atmosphere  and  runs 
into  a  ielly.   When  exposed  to  a  gentle  heat,  it  dries  with 
difficulty,  and  afterwards  melts* 

11.  Sulphate  o/*  T'Wria.— When  yttria  is  dissolved  in  sul-  Sulphate, 
phuric  acid,  this  salt  crystallizes  in  small  brilliant  white 
grains*  Its  taste  is  sweet  and  astringent,  and  its  colour,  light- 
red*  It  is  not  altered  by  exposure  to  air*  Its  specific  gra- 
vity is  2*791.  It  is  soluble  in  about  30  parts  of  cold  water* 
When  exposed  to  a  red  heat,  it  suffers  decomposition* 


Book  l  '  IIL  Nitrate  of  Tttrku^ThM  salt  msf  be  obtained  by 
Diviaon  IL  dissolving  yttria  in  nitric  acid.  The  solution  has  a  sweet 
Kitntie^      astringtnt   taste,    it  can  hardly  be  obtained  in  crystals. 

When  exposed  to  the  air,  it  attracts  moisture  and  deli* 

quesces. 

IV.  Carbonate  ^  21tf rta.— This  salt  may  be  obtained  by 

Erecipiuting  any  acid  solution  of  yttria  by  means  of  cai^ 
onate  of  potash  or  of  soda.  It  is  a  white,  tasteless,  insolu- 
ble powder. 

V.  Hydrofluate  of  T^^riaE.— Usual  chemical  name,  Fluate 
ofThrta.— This  salt  may  be  formed  by  decomposing  by* 
drofluate  (fluate)  of  potash  by  means  of  hydrochlorate 
(ipuriatc)  of  yttt  ia.  It  is  a  white,  tasteless  powder,  totally 
insoluble  in  water. 

lilt  oT  the      Of  the  remaining  salts  of  yttria,  there  have  been  more 

Miuof  yt-  Qf  i^gg  examined  by  chemists,  the  hydrosulphate,  selenate, 

wribed.      phosphate,  arsenite,  chromate,  oxalate,  succinate,  acetate 

and  tartrate;  but  these  are  not  of  sufficient  importance  to 

be  described.   The  rest  of  the  salts  of  yttria,  amounting  in 

number  to  49,  are  unknown. 

Oeiienl  The  salts  of  yttria  may  be  known  by  the  following  pro- 

5f?f 'S*  perties  or  marks,  , 

of  yttria.  1*  They  are  precipitated  by  phosphate  of  soda,  carbonate 
of  soda,  oxalate  of  ammonia,  and  tartrate  of  potash  (soluble 
tartar). 

2.  They  bear  considerable  resemblance  to  the  salts  of 
lime,  in  the  degree  of  their  solubility;  but  they  may  bo 
distinguished  from  these  salts,  by  being  convertt-d  into  a 
sulphate,  which  is  soluble  and  has  a  sweet  taste,  very  dif* 
ferent  from  the  sulphate  of  lime. 


SECTION  X. 

SALTS  OF  GLUCINA. 

sWttrfgia.  Salts  of  Glucina  are  combinations  of  glucina  with  the 
dna;  what  different  acids.  Five  only  of  these  compounds  will  be 
oompoondt.     described. 

Sulphate  of     '•  Sulphate  of  Glucina.^^WYif^n  glucina  is  dissolved  to 

gliMtiia.      saturation  in  sulphuric  acid,  and  the  solution  evaporated^ 

this  salt  forms  in  needle-shaped  crystals.    It  has  a  very 

sweet  and  somewhat  astringent  taste.  It  is  soluble  in  water* 

By  heat,  it  undergoes  the  watery  fusion,  and  afterwards  its 
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water  is  dissipated,  and  it  u  converted  into  a  powder*   At  a  OttAr.tV» 
red  hcati  its  acid  is  driven  off,  and  nothing  remains  but 
pure  glucina* 

II.  Nitrate  of  Gkicina.'^'Thh  salt  may  be  formed  by  ifltnte. 
saturating  nitric  acid  with  glucina.  It  cannot  be  obtained 
in  crystah.  When  its  solution  is  evaporated,  it  gradually 
assumes  the  form  of  a  white  powder.  It  has  a  sweet  and 
astringent  tasie,  and  is  very  soluble  in  water.  When  ex* 
^sed  to  the  air,  it  attracts  moisture  very  rapidly.  When 
beated,  it  readily  melts;  and  if  the  temperature  be  increaa* 
«d,  its  acid  is  dissipated,  while  the  pure  earihy  base  remains 
behind. 

•  III.  Carbonate  of  Gbiciruu^^Th\%  salt  may  be  obtained Curbowite* 
by  precipitating  an  acid  solution  of  glucina,  by  means  ot  the 
carbonate  of  potash  or  of  soda«  It  is  in  the  form  of  a  soft, 
white,  and  exceedingly  light  powder,  which  haa  a  grcaay 
£eeL  It  ia  destitute  of  taste,  and  iosolMble  in  waten  It  is 
not  altered  by  exposure  to  the  air.  It  is  easily  decomposed 
when  submitted  to  the  influeoce  of  heat,  its  acid  being 
driven  off* 

IV*  Phosphate  of  Glttcina^^^Whtn  phosphate  of  soda  is  Phosphtte. 
added  to  a  solution  of  glucina  in  sulphuric,  nitric  or  by* 
drochloric  (muriatic)  acid,  this  salt  precipitates  in  the  form 
of  a  tasteless  white  powder,  which  is  iasolaUe,  unless  it 
contains  an  excess  of  acid*  It  is  incapable  of  cr>suUiziDg, 
and  is  not  altered  by  exposure  to  the  air* 

V*  Hydrofuate  ofGhiciruu^AJwiA  chemical  naase,  Fhmte  Hydros 
of  Ghicina.'^Thi^  salt  may  be  f<MmMd  by  droppiag  hydro- '"*^* 
fluate  (fluate)  of  poUsh  into  hydrochlorate  (muriate)  of 
glucina.  When  first  precipitated,  it  is  in  the  form  of  a  jelly, 
which  dissolves  in  hot  water,  and  deposites  in  small  crys- 
tals as  the  solution  cools. 

Of  the  remaining  salts  of  glucina,  there  have  been  more  Un  of 
or  less  examined,  the  hydrochlorate,  hydrosulphate,  sele-«?^^"f8l«* 
nate,  chromate,  chromo-sulphate,  oxalate,  succhiate,  and  deseribcd. 
acetate;  but  these  are   not  of  sufficient  importance  to  be 
inserted.   The  rest  of  the  salts  of  glucina,  amounting  in 
number  to  49,  are  unknown* 

The  salts  of  glucina  may  be  known  by  the  following  Geoenl 

properties  or  marks.  SfthcwS 

U  They  are  much  more  soluble  than  the  salts  of  yttria,  and  otgiiMiDi. 

bm  a  small  proportion  of  them  are  capable  of  crystallizing* 
2.  They  are  precipitated  by  oxalate  of  ammonia,  or  by 

tartrate  of  potash;  which  circumstances  sufficiently  distin* 

Xuish  them  from  the  salts  of  }tiria. 

*  2X 


d46 


S^TS. 


Book  I. 
DititioD  II. 


SECTION  XL 


SALTS  OP  ALUMINA. 

Salticfaia-S^LTS  OF  Alumina  are  corobiaations  of  alumiiia  with  the 
"iMt'oom-  different  acids.  The  following  are  the  prtocipal  of  these 
pounds.  compounds. 

Hydroehio-    '  !•  Htfdrochlorate  of  Alun^ina.-'^This  salt  may  be  bbtain- 

nte  of  alu-  ed  by  dissolving  alumina  in  hydrochloric  (muriatic)  acid. 

mna.  |^  always  contains  an  excess  of  acid.  It  is  scarcely  capable 
'  of  crystallizing.  It  is  either  in  the  form  of  a  gelatinous 
mass  or  of  a  white  powder.  It  is  extremely  soluble  in  wa-« 
ter,  and  deliquescent  in  the  air.  When  exposed  to  heat,  tt 
mehs;  its  acid  being  dissipated,  while  its  earthy  base  re» 
mains  behind. 

Salphmte.  II.  Sulphate  of^JJumina,'^Th\s  salt  may  be  formed  by 
dissolving  alumina  in  sulphuric  acid,  evaporating  the  solu- 
tion formed  to  dryness,  and  afterwards  dissolving  the  dry 
mass  in  water,  and  evaporating  the  solution  until  it  crystal- 
lizes. It  is  very  soluble  in  water,  and  has  an  astringent 
taste.  It  does  not  crystallize  without  difficulty.  Its  crysuls 
consist  of  thin  plates,  which  are  soft  and  pliant,  and  have  a 
pearly  lustre.  It  is  not  altered  by  exposure  to  the  air# 
-When  somewhat  heated,  it  loses  its  water  of  crystallization 
and  falls  to  powder.  In  a  strong  heat,  its  acid  is  decom- 
posed and  dissipated,  and  the  pure  earthy  base  remains 
behind.  It  was  never  properly  distinguished  from  the  dif- 
ferent alum  salts,  before  the  memoirs  of  Vauquelin  and 
Chaptal  appeared  on  the  nature  of  alum. 


in.  ^ 


SUPERSULFUATB  OF  ALUMINA-AND-POTASa 
SUPBRSULPHATE  OF  ALUMINA-AND-AMMONIA. 


Chemical 
nature  of 
•lam. 


1.  As  these  kalts  scarcely  differ  in  properties,  and  can  be 
distinguished  only  by  analysis,  they  wiU  be  described  to- 
gether. They  constitute,  either  singly,  or  mixed  in  different 
proportions,  the  very  useful  substance  called  alum.  The 
account  of  alum,  therefore,  will  be  the  account  of  these  tw» 
salts. 
Alom;  how  2*  Alum  is  obtained  from  different  earths,  whose  princi- 
ebuio«d.  pal  ingredients  are  sulphur,  and  clay  or  alumina.  These 
earths  are  called  alqminous,  and  are  of  several  different 
kinds.  Some  of  them  contain  sulphuret  of  iron  (pyrites), 
and  others,  variable  quantities  of  bituminous  matters.  The 
outline  of  the  process  is  this:  The  alum  earth  is  roasted,  in 
order  to  acidify  the  sulphur  which  it  contains.  The  sul- 
phuric acid,  thus  formed,   combines   with   the   alumina, 
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which^  in  thk^tsteof  combination,  becomes  solable.  The  Cgjp.IV. 
roasted  earth  is  next  lixiyiated,  and  the  solution  obtained, 
concentrated  by  evaporation,  and  afterwards  putrid  urine  or 
a  solution  of  common  potash,  added.  The  sdum  becomes 
deposited  in  crystals,  Whibh  are  sometimes  mixed  with 
those  of  sulphate  of  iron  (green  vitriol),  in  case  the  alu- . 
minous  6arth  should  have  contained  sulphuret  of  iron. 

3*  The  sulphate  of  alumina,  first  formed,  after  being  0se  of  pot- 
lixiviated,  requires  to  be*  mixed  with  potash  or 'ammonia,  »»^<!»»- 
or  some  substance  which  fiimishes  these  alkaline  bases;  the  proeem, 
for  it  must  be  recollected,  that  alum  is  a  triple  salt,  which  ezptened. ' 
contains  either  potash  or  ammonia,  or  both  Hhese  substan- 
ces, as  well  as  alumina,  combined  with  sulphuric  acid.  When 
putrid  urine  is  used  in  the  manufacture,  ammonia  is  ^he* 
second  base  which  the  alum  contains;  as  thia  secretion,  aftei* 
having  undergone  the  putrefactive  process,  contains  a  large^ 
proportion  of  ammonia,  and  only  a  minute  quantity  of  potash.  ^ 

4.  Sometimes  alum  is  prepared  by  burning  sulphur  in  Another 
chambers,  whose  floors  are  covered  with  fragments  of  ^fo^*'*'^®'^ 
very  pure  clay,  which  has  been  previously  made  up  into  aium. 
balls  with  water,  and  ignited  in  a  furnace.  The  acidified 
sulphur  is  imbibed  by  the  clay;  and  after  the  fragments  are 
completely  covered  by  an  efflorescence  of  sulphate  of  alu- 
mina, they  are  removed  and  exposed  to  the  open  air  for' 
some  time  under  a  shed,  where  the  acid  is  enabled  to  pene- 
trate them  more  thoroughly.  As  soon  as  this  is  completed, 

the  clay  is  lixiviated,  and  crystalliaed  by  the  usual  addi- 
tions. This  is  an  imperfect  outline  of  Chaptal's  method. 

5.  It  is  not  certainly  ascertained  that  alum  was  known  to  History  of 
the  ancients.  The  rrvwm^m  of  the  Greeks,  the  ahimen  of  •''^• 
the  Romans,  was  a  native  substance,  which  appears  to  have 

been  sulphate  of  iron  ^green  vitriol),  or  a  compound  nearly 
allied  to  this  salt.  According  to  Beckman,  the  credit  of 
the  discovery  of  alum  belongs  to  the  Asiatics,  from  whom 
it  continued  to  be  imported  until  the  15th  century;  at  which 
period  a  number  of  alum  works  were  established  in  Italy. 
In  the  16th  century,  alum  was  manufactured  in  Germany 
and  Spain;  and  in  England,  f^r  the  first  time,  during  queen 
Elizabeth's  reign. 

6.  The  chemical  nature  of  alum  was  discovered  only  by  its  cbemi- 
very  gradual  steps.   The  fact  was  known  to  the  alchemists,  «ai  °^^1^ 
that  it  contained  sulphuric  acid.  In  1 754,  Margraff  proved  b" ^di^) 
Aat  it  contained  an  earth,  which  is  the  same  with  thatttep*. 
which  constitutes  the  basis  of  clay.  Bu(  these  substances 

could  not  be  its  only  ingredients;  since  it  was  not  possible 
to  form  alum  by  combining  sulphuric  acid  with  alumina.  It 
was  known  to  manufacturers,  that  the  addition  of  potash  or 


B^i(  t  ^vfkmxmi^^  or  of  some  substance:  cantai^uig  thenB  idkiiitie 
DitiMOttlL  fa^^cs,  to  the  aluminpus  lixiviucn,  was  sdbaolutiely  neccsaary 
for  the  formatioo  oJf  alum;  unless  indeed  the'  earthy  Stom 
whic^  U  m^  have  been  manufactured,  should  pootaio  pot- 
ash. Various  conjectures  were  mad^,  as  to  the  part  which 
potash  performed  in  the  manuf^c^u^e;  but  nothing  decisive 
was  known; on  the  subject^  before  Vauquelin  and  ChaptaL- 
published  ^heir  experiments,  by  which  they  proved  incpn- 
testably  that,  ^lum*  is  a  triple  salt,  composed  o£  sulphuric' 
-acid,  nnitjSfl.  to  alumina  and  potash,  or  alumina  and  am* 
.'      moi^ia,      I  ^^   „.,  r.         .  ,  '       .. 

Alum  del-      7«  Alum  t^jfi  cryataUized  sak,. capable  of  changing  vege- 
eribed.       table  blues  ,to  x^^  and  always  containing' an  excess  of  acid« 
Its  taste  is  sweetish  and  very  astringent.  Its  specific  gra- 
vity is  l*7l«  When  exposed  to  the  air,  it  effloresces  slightly. 
Ix  is  soluble  in  from  15  to  20  times  its  weight  of  cold  wa- 
ter, and  in  three-ioMrths  of  its  weight  of  boiling  water.  Whe* 
.exposed  to  a  gentle  heat,  it  undergoes' the  watery  fusion* 
In  a  pretty  strong  heat,  it  foams  and  swells,  and  loses  about 
44  per  cent,  in  water  of  crystallization.    The  residue,  after 
this  exposure  to  heat,  is  called  calcined  or  burnt  alum*  In  a 
very  violent  heat,  it  has  the  greater  part  of  its  acid  dissipated^ 
Homberg^i      The  principal  ingredient  in  Momberg's  pyrophoros  b 
^^'^how    ^^"^*  ^^  ^'^''"^  ^^^^  substance,  three  parts  of  alum  and  one. 
farmML      P-^rt  of  sugar  or  flour  are  melted  in  an  iron  ladle,  and  the 
neat  continued,  until  the  mixture  becomes  blackish  and  ceases 
to  swell.  It  is  then  reduced  to  fine  powder,:  and  exposed  to 
a  sand  heat  in  a  phial,  until  a  blue  flame  issues  from  its 
mouth*   After  burning  a  minute  or  two,  it  is  withdrawn 
from  the  fire  and  allowed   to  cooU  The  substance,  thus 
formed,  is  the  pyrophorus.  It  has  the  singular  property  of 
catching  fire,  whenever  it  is  exposed  to  the  open  air,  espe- 
cially if  the  atmosphere  be  moist* 
ItsdiMo.        This  substance  was  accidentally  discovered,  about  tbe 
^17*         beginning  of  the  18th  century,  by  Homberg*  It  was  for  a 
long  time  supposed  that  alum  is  an  essential  ingredient  in 
it;  but  it  has  been  ascertained^  that,  if  alum  be  deprived  of 
its  potash,  it  will  not  form  pyroplioruB*  According  to  Davy 
and  Coxe,  its  properties  depend  upon  the  presence  of  a 
small  portion  of  potassium^  which  they  suppose  to  be  de- 
veloped, during  a  partial  decomposition  of  the  potash^  by  the 
agency  of  heat* 

When  a  certain  excess  of  potash  is  added  to  an  alum  li- 
quor, the  salt  does  n^t  crystallize  in  the  usual  form,  and^ 
from  the  shape  of  its  crystals,  is  called  cubic  alum*  If  m 
still  larger  quantity  be  added,  the  liquor  deposites  no  crys** 
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tab,  but  kts  (all  a>iiuoiber  of  flakes.  Botib  diese  substances  Csiv.  iv* 
may  be  considered  as  varieties  of  aluuu  •  " 

6.  Siipersulphaie  of  alumina-and-potash  is  composed  of  Compon- 
Sulphuric  acid      160-<-four  atoms.  ^  !^^ 

Alumina  50^^  MnmT 

Poush  46— K>ne  atom,  nearly. 

Supposing  three  atoms  of  sulphuric  acid  combined  with  the 
alumina,  and  the  remaining  atom,  with  the  atom  of  potash; 
then  the  composition  of  this  salt  would  be 

Sulphuric  acid  120-— three  atoms* 

Alumina  50— > 

Forming  170  sulphate  of  alumina; 
combined  with 

Salphuric  acid      4<V->one  atom* 
Potash  46— one  atom,  nearly. 

Forming  86  sulphate  of  potash*  And, 
sui^xMing  the  sulphate  of  alumina  to  contain  three  atoms  of 
earthy  base,  then  the  atom  or  combiniog  weight  of  alumina 
would  be  represented  by  16*6. 

9*  Alum  is  of  indispensable  utility  in  the  arts*  To  enu>  aUiid,  Tery 
merate  all  its  uses  could  not  be  done,  consistently  ^^^^^  {||[^^^? 
tile  plan  of  this  compendious  work*  It  is  employed  prin- 
cipally in  unning,  and  as.  a  flH>rdant  in  dyeing. 

la  In  the   materia  medica,  aluas  is  a  very  powerful  an  Mtivv 
astringent*  On  account  of  this  property,  it  was  formerly  Jhli  naterift 
iBsed  intemaSy  for  restraining  haemorrhages;   but  it  now  medioa. 
]rields  in  efficacy  to  many  other  articles.   Its  dose  is  from 
ten  to  twenty  grains*  In  large  doses,  it  is  apt  to  produce 
nausea.  £ztemaUy,  it  is  used  in  solution,  as  a  repellant  lo- 
tion and  in  astringent  collyria*  It  forms  a  good  injection  in 
certain  stages  of  gleet,  and  in  fluor  albus*   It  enters  into 
the  composition  of  several  pharmaceutical  preparations  of 
acknowledged  efficacy*  When  deprived  of  its  water  of  crys- 
tallization, in  the  form  of  burnt  alum,  it  acts  as  an  escarotic. 

IV.  Sulphate  of  Ahimtna'and^PotoMh;  Sulphate  Q/Aiumi'  A^ion  wtu-^ 
na-an^-ulmmonui.— Formerly  called,  Aium  saturated  with  its  r*^^/j|^ 
^ar/A.— These  two  salts  may  be  described  together,  as  they  ^ 
are  formed  by  saturating  different  species  of  alum  with 
alumina.  They  are  prepared  by  boiling  a  solution  of  alum 
with  pure  alumina*  They  are  both  in  the  form  of  a  tasteless 
insoluble  powder,  which  is  incapable  of  crystaUiziog*  They 
are  not  altered  by  exposure  to  the  air.   In  a  very  violent 
heat,  part  of  their  acid  is  driven  off.  The  addition  of  sul- 
phuric acid  converts  them  into  alum.   They  have  not  here- 
tofore been  applied  to  any  useful  purpose. 
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Book  I.      V*  Nitrate  of  Alumina.^^Whtn  alamina  is  dissolved  in 
Ditbten  II.  citric  acid,  this  salt  tnay  be  obtained  in  crystals  by  evapo- 
Kitrate  of  ration.  It  has  an  acid  and  astringent  taste.  It  is  exceedingly 
Blumint.     soluble  in  water.  In  the  air«  it  attracts  moisture  and  deli- 
quesces. When  heated,  tiie  acid  is  readily  driven  off,  and 
the  earthy  base  remains  behind  in  a  state  of  purity. 
Oarbonate.      VI.  Carbonate  rf  Akimina.'^It  is  not  completely  setded 
whether  this  salt  can  exist.  In  the  dry  state,  it  cannot  be 
obtained;  but  it  has  been  ascertained,  that  water  saturated 
with  carbonic  acid  is  capable  of  dissolving  a  portion  of 
alumina.  The  combination,  however,  is  destroyed  by  mere 
exposure  to  air. 

VII.  Phosphate  of  Alumina.'^This  salt  may  be  formed 
6y  saturating  phosphoric  acid  with  alumina.  It  is  a  taste- 
less insoluble  powder. 

VIII.  Hudrojluate  of  Alumina.^'^UBUdl  chemical  name, 
FhuUe  of  i^timina.— This  salt  may  be  formed  by  pouring 
hydrofluate  (fluate)  of  potash  into  a  solution  of  supersul- 
phate  of  alumina-and-potash  (alum).  It  is  in  the  form  of  a 
white  powder,  insoluble  in  water,  but  soluble  in  an  excess 
of  acid.  After  having  been  well  dried,  it  is  nearly  insoluble 
in  acids. 

Aeeute*         IX.  Acetate  of  Alumma.''^Whtn  acetic  acid  is  digested 
upon  alumina  recently  precipitated,  by  evaporation  this  salt 
may  be  obtained  in  needle4brm  crystals,  which  have  an 
astringent  taste,  and  are  very  deliquescent  in  the  air.  This 
salt  is  employed  in  the  processes  of  dyers  and  calico  prin- 
ters. 
Meiiateof      X.  Mellote  of  il/timtna.— This  salt  exists  native  under 
£'meilSte  ^^  tMOke  of  oaeUicc.   It  is  the  only   subsUnce   in  which 
of  miDera-  mellitic  acid  has  hitherto  been  found.  It  may  be  formed 
logitts.       artificially  by  dropping  melliUc  acid  into  a  solution  of  sul- 
phate of  alumina.  When  thus  formed,  it  assumes  the  14)- 
pearance  of  a  white  flaky  powder. 

SiitofMlta  Besides  the  salts  of  alumina  just  described,  there  have 
Botd«?"  ^^^^  more  or  less  noticed  by  chemists,  the  sulphite,  selc- 
eribed.  nate,  borate,  arseniate,  tungstate,  sulphocyanate,  urate, 
purpurate,  gallate,  oxalate,  sorbate,  succinate,  tartrate,  po* 
tasso-tartrate,  benzoate,  saclactate,  camphorate,  malate, 
suberate  and  zumate;  but  these  salts  are  not  of  sufficient 
importance  to  be  described.  The  rest  of  the  salts  of  alu- 
mina, amounting  in  number  to  36,  are  unknown. 

General         The  salts  of  alumina  may  be  known  by  the  following 
SfXtEi  properties  or  marks. 

of  alttmina.      !•  A  large  majority  of  them  are  soluble  in  water,  and 
but  very  few  capable  of  crystallizing. 
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S.  They  have  a  sweet  and  astringent  taste.  In  this  parti-  ghaf.  iv. 
colar,  however,  they  resemble  the  salts  of  yttria  and  glu-  — — 
€ina* 

3.  They  are  not  precipitated  by  oxalate  of  ammonia  or 
tartaric  acid;  which  circumstances  sufficiently  distinguish 
them  from  the  salts  of  yttria. 

4.  If  sulphuric  acid,  and  afterwards  sulphate  of  potash 
be  added  to  a  salt  of  alumina,  crystals  of  supersulphate  of 
alumina-and-potash  (alum)  will  speedily  make  their  ap- 
pearance. 


SECTION  XII. 

SAI.TS  OF  ZIRCONIA. 

Salts  of   Zircokia  are   combinations  of  the  different  Saiti  of  sir- 
M    acids  with  the  salifiable  base  zitconia.  Only  five  of  these  ^^'^  ^^^ 
compounds  will  be  noticed. 

I.  Hydrochhrate  of  Zirconia.— Usual   chemical  name,  Hydro0hh>- 
Jfuriate  qf  Zirconicu^^When  hydrochloric  (muriatic)  acid  "^  <»^  ■**- 
is  poured  upon  newly  precipitated  zirconia,  the  latter  be- 
comes dissolved,  and,  by  proper  evaporation,  this  salt  may 

be  obtained  in  small  transparent  needle-form  crystals,  which 
become  opaque  in  the  air.  It  is  colourless,  and  very  solu- 
ble in  water.  Its  taste  is  very  astringent.  When  exposed  to 
heat,  it  is  decomposed. 

II.  Sulphate  ojf  Zirconta.^^Tikis  salt  may  be  formed  by  Sulphate, 
dissolving  zirconia  in  sulphuric  acid,  and  evaporating  the 
solution  to  dryness.  It  is  usually  in  the  form  of  a  white 
powder;  but  it  may  be  obtained  in  crystals.  It  is  tasteless, 
insoluble  in  water,  and  not  altered  by  exposure  to  the  air. 

By  exposure  to  heat,  its  acid  is  readily  driven  off. 

III.  Nitrate  of  Zirconia. — ^This  salt  may  be  formed  by  Nttn^e. 
dissolving  newly  precipitated  zirconia  in  nitric  acid*   It 
always  contains  an  excess  of  acid.  It  is  but  sparingly  solu- 

,ble  in  water.  Its  taste  is  astringent.  When  exposed  to  heat, 
it  suffers  decomposition. 

IV.  Carbonate  of  Zirconia.— This  salt  may  be  formed 
by  precipitating  an  acid  solution  of  zirconia  by  means  of 
the  carbonate  of  potash  or  of  soda.  It  is  a  tasteless  white 
powder.  When  heated,  its  acid  is  driven  off. 

V.  Hydrofluate  of  Zfrcffnta.— Usual   chemical  name, 
'  Fluate  of  Zirconia.'-^'ThiB  salt  is  precipitated  in  the  form 

of  an  insoluble  white  powder,  when  hydrofluate  (fluate)  of 
potash  is  added  to  hydrochlorate  (muriate)  of  zirconia. 
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Book  I.  Of  the  remaining  salts  of  zirconia,  there  have  been  more 
Dmrion  II.  ^  |ggg  examined^  the  sulphite^  selenate,  borate,  phosphate, 
list  ofialugallate,  oxalate,  acetate,  tartrate,  btrnzoate,  saclactate,  citrate 
®^?i[**"*.t  aod  malate;  but  thene  salts  are  not  of  suflScient  importance 
ed.  to  be  noticed.  The  rest  of  the  salts  of  zirconia,  amoanting 

to  46,  are  unknown. 

pi^rtiet       '^^  following  circumstances  are  characteristic  of  the 

oi  the  Miu  salts  of  zirconia. 

ofsiraonn.      j.  They  have  an  astringent  taste,  which  is  harsh  and 

disagreeable. . 

2.  They  are  decomposed  by  all  the  alkaline  and  earthy 

salifiable  bases,  zirconia  being  precipitated. 


SECTION  XIII. 

'    8ALT8  OF  THORIVA. 

Salts  of  Salts  or  Thorina  are  combinations  of  thorina  with  the 
vbttMB-  different  acids.  But  four  of  these  compounds  have  been 
I^Dds.  distinctly  examined. 

Hydroehio-      I,  Hydfochlorote  of  7*Aorfmi.^-Usual  chemical  name, 

^^^^^ Muriate  of  'rAortna.— This  salt  may  be  formed  by  dissolv* 
ing  thorina  in  hydrochloric  (muriatic)  acid.  It  may  be  ob** 
tained  in  a  syrupy  mass,  which  does  not  deliquesce  in  the 
air,  but  dries  and  becomes  white  like  enamel,  by  evaporat- 
ing the  solution  in  a  moderate  heat;  but  it  cannot  be  made 
to  crystallize. 

Salphite.  II.  Sulphate  of  TA^rtner.— This  salt  may  be  formed  by 
dissolving  thorina  in  excess  of  sulphuric  acid,  and  evapo* 
rating  the  solution  obtained,  until  it  forms  crystals.  It  nas 
a  strong  styptic  taste,  and  is  not  altered  by  exposure  to  the 
air. 

Kitnito.  III.  filtrate  of  TA9rtmz.*^This  salt  may  be  fidrmed  by 

dissolving  thorina  in  nitric  acid.  The  solution  takes  place 
very  readily,  unless  the  thorina  has  been  previously  exposed 
to  a  red  heat;  in  which  case,  it  is  effected  by  long  boiling 
only.  The  solution  cannot  be  made  to  crystallize,  but  forms 
ai  mucilaginous  mass,  which  becomes  liquid  by  exposure  to 
the  air.  It  is  converted,  by  evaporation  in  a  moderate  heat, 
into  an  opaque  white  mass  similar  to  enamel,  and  in  a  great 
measure  insoluble  in  water* 

Cirbonttc.  IV.  Carbonate  of  Thorina. — ^This  salt  is  easily  formed  by 
precipitating  an  acid  solution  of  thorina  by  carbonate  of 
potash  or  of  soda.    Thorina  seems  to  have  considerable 
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sflbiity  for  offbonic  acid*  When  newly  precipitated,  during  Chav.  iv. 
the  process  of  drying  it  attracts  this  acid  from  the  air.  "" 

What  other  salts  this  newly  discovered  salifiable  base  is 
capable  of  forming  has  not  been  ascertained* 

The  foUowing  circumstances  are  characterbtic  of  the  General 
salts  of  thorina.  Sf^K'Ste 

1.  TThey  are  precipitated  by  oxalate  of  ammonia.  of  thorina. 

2.  When  the  nitrate  or  hydrochlorate  of  thorina  is  eva* 
porated  by  a  strong  heat,  it  leaves,  on  the  edges  of  the 
vessel  employed,  an  opaque  white  film,  which  has  the  ap* 
pearance  of  enamel* 


SECTION  XIV. 

SALTS  OF  SIUCA. 

In   consequence   of  the  property,  which  hydrofluoric  Salu  of  li- 
ffluoric)  acid  possesses,  of  dissolving  glass  or  flint,  it  was  ^*  ^  ^^» 
lormerly  supposed  that  at  least  one  salt  of  silica  exists,  speakins. 
More  recent  researches,  however,  have  proved,  that  the  •"■*• 
combination  of  hydrofluoric  (fluoric)  acid  and  silica  is  not 
a  salt,  but  a  peculiar  acid,   in  strict  propriety,  therefore, 
there  is  no  such  combination  as  a  salt  of  silica.   Silica  is 
consequently  not  a  salifiable  base;  but  it  has  been  classed 
as  such,  as  giving  it  the  most  natural  position,  which  it 
could  assume  in  the  arrangement  adopted. 


SECTION  XV. 

SALTS  OF  OXIDIZED  IROK. 

Salts  of  Oxidized  Iron  are  combinations  of  the  protox*  Salttot ox- 
ide or  peroxide  of  iron  with  the  difl^rrent  acids.  The  fol-  "'»«'  "^» 
lowing  are  the  most  important  of  these  salts.  poondt^"^* 

Hydrochloric  acid  forms  one  salt  with  each  of  the  oxides  .OxMi«cd 
of  iron,*  and  a  triple  salt  with  the  peroxide  and  ammonia.  three^Ua 
t.  Hydrochlorate  of  Iron.'^U^xxA  chemical  name,  ^m- with  hydror 

riate  of  Iron, — ^This  salt  may  be  formed  by  dissolving  iron  ^JjT* 

---— ——-— -------.^-^--..-^.^-.----.---.-..-.......^^  I.  Hydro- 

*  The  reader  haa  already  had  explained  to  him  the  meaning  of  the  prefixes  u^q, 
frot9  and^^er,  as  applieil  to  oxides.    It  mar  now,  very  pmbahjy,  be  a  matter  of 
inquiry  with  him,  how  satts,  containhi;  different  oxides  of  the  same  metal,  are  to 
be  distingatshed  from  eaeh  other.    Dr.  Thomson  has  adopted  the  plan  of  preiix- 
ing,  to  the  salti  themaeWes,  the  syllables,  distioguishiDg  the  oxides  which  they 

2  Y 
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Book  I.  filings  in  hydrochloric  (muriatic)  acid.  The  solution  must 
P^^'Q"  ^-  be  kept  from  the  air,  and,  by  evaporation,  yields  the  salt  in 
crystals.  The  salt  has  a  pale-green  colour,  and  is  extremely 
soluble  in  water.  Its  solution  attracts  oxygen  from  the  air, 
or  from  nitric  acid,  and  the  salt  itself  becomes  converted 
into  a  perhydrochlorate  (permuriate).  Its  solution  also  is  ca- 
pable of  absorbing  deutoxide  of  azote  (nitrous  gas)  in  large 
quantity;  and  when  saturated,  it  acquires  a  dark-brown  co- 
lour, and  a  much  more  astringent  taste  than  the  salt  has  in 
its  usual  state.  When  the  salt  is  exposed  to  a  red  heat,  it  is 
decomposed,  and  converted  into  a  protochloride  of  iron; 
water  being  at  the  same  time  formed. 

II.  PERHTDROCHLORATE  OF  IRON. 
(Usiul  ebcmical  name,  Perwrnriate  of  Iron.) 

d'mhtona  ^*  T^i^  >alt  may  be  formed  by  dissolving  peroxide  of 
ofiroa.  iroii  in  hydrochloric  (muriatic)  acid,  and  evaporating  the 
solution  to  dryness.  It  is  an  uncrystallizable,  deliquescent, 
orange-coloured  mass.  In  solution,  it  has  a  deep-brown  co- 
lour, a  peculiar  odour,  and,  even  when  very  much  diluted, 
an  exceedingly  astringent  taste.  Like  chlorine,  it  tinges  ani- 
mal and  vegetable  substances  of  a  yellow  colour.  When 
distilled,  it  suffers  decomposition;  the  hydrogen  of  the  acid 
combines  with  a  portion  of  the  oxygen  of  the  peroxide, 
reducing  the  latter  to  the  state  of  protoxide,  and  forma 
water;  while  its  chlorine  passes  over.  When  exposed  to  a 
red  heat,  water  is  formed  and  dissipated,  and  it  is  convert- 
ed into  a  perchloride  of  iron. 
Tmeture  of  2*  The  London  colleges  form  a  tincture  of  this  salt,  under 
***"  "*^»  the  title  of  the  tincture  of  murlated  iron.  They  dissolve 
half  a  pound  of  percarbonate  of  iron  (rust  of  iron)  in  three 
pounds  of  hydrochloric  (muriatic)  acid,  and  evaporate  the 
solution,  so  as  to  form  one  pint  of  liquid,  to  which  they 
add  three  pints  of  alcohol.  The  other  colleges  prepare  a 
simple  hydrochlorate  (muriate)  of  iron  for  the  formation  of 
the  tincture.  But  as  it  is  very  doubtful  whether  the  simple  hy- 
drochlorate will  dissolve  in  alcohol;  and,  if  it  will,  as  the  fact 
is  well  ascertained  that  it  is  very  liable,  by  exposure  to  air, 

ma  J  eontain.  This  plan  I  proposed  in  a  short  paper,  published  in  the  Memoirs 
of  the  ColumlHaD  Chemical  Society,  in  1813;  bat  I  was  not  then  aware  that  it  had 
been  adopted  by  Dr.  Thomson.  The  jilan,  howerer,  although  original  with  my- 
self, and  sanctioned  by  the  usage  of  this  re8|>ectable  chemist,  upon  further  consi- 
deration,  I  propose  to  modify  in  the  following  manner:  Whenever  a  protoxide  is 
the  base  of  a  salt,  whiob  is  by  far  most  generally  the  case,  I  propose  to  employ 
no  prefix;  while,  on  the  other  hand,  when  a  peroxide  constitutes  the  base^  the 
prefix  ^er  will  alwajrs  be  retained.  In  this  way,  no  possible  ambiguity  can  arise; 
while,  at  the  same  time,  many  long  and  aDgracefol  appellations  will  be  aToided. 
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to  be  converted  into  the  perhydrochlorate,  there  is  good  Ci>.iv. 
reason  to  prefer  the  preparation  of  the  London  college.  "^ 

3,  Tincture  of  perhydrochlorate  of  iron  has  a  yellowish  empk^ed 
colour  and  very  astringent  taste.  It  is  a  most  excellent  pre- 
paration  of  iron,  and  may  be  exhibited  in  doses  of  from 
ten  to  twenty  drops,  properly  diluted,  twice  or  thrice  a  day. 

III.  PERHYDROCHLORATE  OF  AMMONIA-AND-IRON. 

(Usui  ehemicftl  name,  Muriate  o/Ammotda-tmd-Iron. — Formerlj  ealledy 

Miriial  Fhwen'^JbnmomaccU  Iron.) 

1*  This  salt  may  be  formed  by  dissolving  in  water  six-  3.  Ammo, 
teen  parts  of  hydrochlorate  of  ammonia  (sal  ammoniac)  and  ^'^^i*^^' 
one  part  of  perhydrochlorate  of  iron,  evaporating  the  aolu-  rate. 
tion  to  dryness,  and  subliming.  It  is  directed  by  the  Edin- 
burgh college  to  bie  prepared  by  subliming,  thoroughly  mix* 
ed,  peroxide  of  iron  and  hydrochlorate  of  ammonia. 

2.  When  properly  prepared,  it  has  a  deep-orange  colour^ 
and  a  smell  resembling  that  of  safiron.  It  is  deliquescent  in 
the  air.  For  preservation,  it  must  be  kept  in  well-stopt 
phials. 

3.  When  used  as  a  medicine,  it  has  the  usual  tonic  pro-  Medical 
perties  of  the  preparations  of  iron.  But  when  it  is  considered  ^^P^^^ 
that  the  iron  is  united  with  two  such  powerful  substances  as 

the  hydrochloric  (muriatic)  acid  and  ammoni/i,  it  is  reason- 
able to  suppose  that  its  usual  virtues  are  very  considerably 
increased.  This  preparation  certainly  deserves  more  atten* 
tion  than  is  bestowed  upon  it  by  American  physicians.  Its 
dose  is  from  two  to  ten  grains.  Dissolved  in  alcohol,  it  forms 
the  tincture  of  ammoniacal  iron  of  the  London  college. 

Sulphuric  acid  forms  one  salt  with  protoxide  of  iron,  and  Pratozide 
one  salt  with  protoxide  of  iron  and  potash.  tcrTTt*"' 

IV.  SULPHATE  OF  IRON.  two  lul- 

phateia 
(Syn.  Green  VitrioL-^Copperat.— Vitriolated  Iroru-^SaU  of  Steel) 

1.  This  salt  is  formed,  in  the  large  way,  by  moistening  1.  Soipbate 
sulphuret  of  iron  (pyrites),  which  is  found  native,  in  abun-  ^^*^- 
dance,  in  different  parts  of  the  world,  and  exposing  it  to  the 

air.  Part  of  the  sulphur  is  slowly  converted  into  sulphuric 
acid,  which,  combining  with  the  iron,  forms  a  crust  of  this 
salt  on  the  pyrites.  This  crust  is  then  dissolved  off  by  water, 
and  the  solution  formed,  evaporated  for  crystallization. 

2.  Sulphate  of  iron  is  in  the  form  of  crystals  of  a  fine 
^een  colour.  It  has  a  strong  styptic  taste,  and  is  capable 
of  reddening  vegetable  blues.  It  is  soluble  in  twice  its 
iveight  of  cold  water,  and  in  three-fourths  of  its  weight  of 
boiling  water.  When  exposed  to  the  air,  it  absorbs  oxygen, 
gradually  becomes  opaque,  and  is  covered  with*  a  yellow 
powder,  being  in  part  converted  into  the  persulphate.  When 
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Bpox  I.  heated,  it  gmduaUy  loses  its  water  of  crystiUizatioii,  whi«h 
Ptvkioa  II.  amouats  to  about  45  per  ccnu  la  a  stroog  heat,  its  acid  is 
driven  ofF,  and  a  red  powder  remains  behind,  formerly 
called  coicothar  ofvitrtoL  This  residue  is  the  peroxide  ^ 
iron,  generally  mixed  with  some  persulphate*  When  distil* 
led,  at  first  a  portion  of  acidulous  water  is  driven  over, 
but  afterwards,  a  vrr}'  strong  fuming  acid,  formerly  called 
glacial  oil  of  vitriol*  The  residuum  in  this  case  also  is  the 
peroxide. 

^.  Sulphate  of  iron  is  composed  of 

.  Sulphuric  acid        40— one  atom. 
Protoxide  of  iron    36— one  atom. 

Giving  76  for  the  number  represent* 
iag  the  weight  of  its  atom. 

4.  This  salt,  in  the  materia  medica,  is  classed  as  aa 
astringent,  in  small  doses  of  frodi  one  to  three  grains,  it 
may  prove  both  tonic  aad  astringent;  but  it  is  apt  to  excite 
pain  in  the  stomach  and  bowels.  In  large  dpses,  it  caiues 
vomiting. 
a.  PotaMo-  '  V.  Sulphate  <f  Potask^and^  /ron.— This  salt  may  be  form- 
■*^  *  ed  by  boiling  iron  filings  in  a  solution  of  supersulphate  of 
potash.  It  is  in  the  f<n*m  of  efBorescent  crj'stals,  wluch  re- 
semble those  of  sulphate  of  iron  (green  vitriol). 

Peroxide  of  Sulphuric  acid  forms  three  salts  by  combining  with  per* 
into  threT  <>^i^^  ^f  y^OTi^  namely,  persulphate,  subbipersulphate  and 
soipiiates.       tri persulphate  of  iron. 

VI.  Persulphate  of  /r on.— -This  salt  is  formed,  when 
concentrated  sulphuric  acid  is  digested  in  a  flask  upon 
peroxide  of  iron.  It  has  a  white  colour.  By  the  addition  of 
water,  it  is  decomposed  into  a  supersalt  ami  a  subsalt. 

VII,  Stcbbipersulphate  o/'/ron.— This  salt  may  be  form- 
ed by  dissolving  crystallized  sulphate  of  iron  in  water  aci- 
dulated with  nitric  acid,  evaporating  the  solution  formed  to 
dryness,  and  exposing  the  dry  mass  to  a  heat  sufficient  to 
drive  off  all  the  nitric  acid.  The  sulphate  is,  in  this  way, 
converted  into  a  persulphate.  If  water  be  poured  upon  this 
pcrsalt,  three-fourths  of  it  are  dissolved,  and  the  one-fourth 
whifh  is  insoluble  is  the  salt  under  description.  It  is  a 
reddish-yellow  powder,  without  either  taste  or  smell.  It  is 
composed  of 

Sulphuric  acid  40— one  atom. 

Peroxide  of  iron     160— two  atoms. 

MO* 


«■ 


*  Tbc  Hbnre  analyui  !■  civeD,  in  order  to  explain  why  Dr.  Tbomtoii  eallt  tUtf 
nit  a  tubbipeniilphate.-^U  b  prwumed^  that,  whea  a  salt  Is  eomposed  of  one 
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VIIL  TripcrmdphaU  of  iSrm.— -The  soluble  portioD  of  Ci>.  iv. 
the  penulphate,  when  truitcci  wiib  water,  coBstitutet  thb 
talu  Its  taste  is  intensely  astringent  and  v6ry  harsh.  When 
evaporated  to  dryness  and  exposed  to  the  air«  it  deliquesces. 
It  b  iocapabir  of  crystallizing.  It  is  composed  of 

Solphuric  acid     130— -three  atoms. 

Peroxide  of  iron   80-— one  atom* 

Giving  200  for  the  number  repre- 
senting the  weight  of  its  atom. 

Nitric  acid  forms  a  salt  with  each  of  the  oxides  of  iron.  Oxidised 

IX.  Nitrate  of  Irm.'^T\A%  salt  may  be  obtained  in  the  [^^ 
form  of  solution  by  pouring  nitric  acid  of  the  specific  gra-  witli  nitrie 
vity  of  1*16  upon  iron.  It  acts  upon  the  metal  slowly  with-  *^*^ 
out  emitting  any  gas,  and  the  solution  at  first  is  of  a  dariL 
olive-brown  colour,  owing  to  deutoxide  of  aaote  (nitrous 
gas)  being  held  in  solution.  But  by/  exposure  to  air,  the 
deutoxide  of  azote  is  converted  into  nitric  acid  by  combining 
with  oxygen,  and  the  solution  assumes  a  pale-green  colour, 
and  now  contains  nothing  but  nitrate  of  iron.  It  cannot  be 
concentrated  or  heated  without  being  converted  into  a  per- 
nitrate. 

X*  Pemitrate  of  /ron.*»This  salt  may  be  formed  by  dis- 
solving iron  in  strong  nitric  acid,  or  by  exposing  the 
nitrate  to  the  air.  It  cannot  be  obtained  in  crystals  without 
diflkulty.  It  is  usually  in  the  state  of  a  brown  coloured 
solution,  which,  upon  evaporation,  lets  fall  a  red  powder, 
insoluble  in  nitric  acid* 

XI.  CARBONATE  OF  IRON. 

1.  This  salt  may  be  obtained,  by  double  decomposition,  Carixmate 
from  sulphate  of  iron  and  carbonate  of  potash  or  of  soda,  of  ii'on;  how 
The  Edinburgh  college  prefer  the  carbonate  of  soda;  as  the  P»^P«"<^ 
sulphate  of  soda,  which  then  becomes  formed  with  the  car- 
bonate, is  more  easily  washed  off,  from  its  greater  solubility, 
than  the  sulphate  of  potash.  When  thus  prepared,  it  is  called 
precipitated  carbonate  of  iron.  It  may  be  prepared  also  by 
moistening  pure  iron  filings  with  water,  and  exposing  them 
to  the  air.  The  filings  become  oxidized  at  the  expense  of 
the  water,  and  attract  carbonic  acid  from  the  atmosphere. 

atom  of  eaoh  of  itt  eonstkueati,  it  is  a  neutral  oemponnd.  Bat  a  salt  may  be  eom- 
poMd  of  two  atona  of  either  of  iu  iogredienta,  eombined  with  one  atom  of  the 
other  When  the  two  atoms  are  of  the  aeidy  then  the  salt  formed  b  a  sapemlt^ 
and  Hs  eompoiition  is  indieated  hr  the  prcdiz  bif  but  when  a  salt  is  ooroposed  of 
one  atom  of  acid  and  two  atoms  or  basoj  its  eompoeition  woold  be  arabiKnoiis  with 
this  prefix  marelT;  and  as  it  Is  presumed  to  be  a  sobsalt,  or  a  salt  with  excess  of 
base,  the  two  syllables  sk^  M  are  prefixed^  iAdicating  that  the  extra  atom  belongs 
t»  the  base  and  not  to  the  aeid. 
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Book  I.    ThU  preparation,  however^  should  not  be  used  in  medicinci 
IMtmiodIL  i^  being  in  every  respect  inferior  to  the  precipitated  carbo- 
nate. 

2.  The  carbonate  of  iron  in  crjrstals  has  been  found  native* 
It  is  somewhat  transparent^  and  has  a  greenish-yeUow  co- 
lour. It  is  brittle  and  easily  reduced  to  powder. 

3.  Carbonate  of  iron,  when  newly  precipitated,  is  of  a 
greenish  colour,  by  reason  of  its  being  in  the  state  of  a  hy- 
drate. When  dried  without  the  contact  of  air,  it  becomes 
black  and  is  a  simple  carbonate;  but  if  the  air  be  not  ex- 
cluded during  drying,  the  iron  becomes  peroxidized,  the 
salt^assumes  a  red  colour,  and  is  now  sl  percarbonate  (rust  of 
iron),  the  state  in  which  the  carbonate  is  used  in  medicine. 

Medical         4*  Percarbonate  of  iron  constitutes  one  of  the  best  pre- 
properUes.  parations  of  iron,  which  can  be  employed  in  medicine.  Its 
dose  is  from  5  to  20  grains.  In  all  cases,  it  is  best  to  give 
the  preparations  of  iron  in  small  and  repeated  doses. 

Protoxide    Phosphoric  acid  forms  one  salt  with  protoxide  of  iron,  and 
of  iron  en-       qq^  g^i^  ^j^j^  protoxide  of  iron  and  ammonia. 

*hatell"'  ^''*  P^^P^^^  of  /ron.— This  salt  may  be  formed,  by 
double  decomposition,  from  sulphate  of  iron  and  phosphate 
of  potash.  It  is  an  insoluble  powder  of  a  permanent  blue 
colour.  It  occur»  native,  constituting  the  colouring  matter 
of  the  mineral  called  native  Prussian  blue,  which  is  found 
in  bogs;  and  also,  in  the  form  of  small  crystals,  in  Brazil 
and  the  Isle  of  France.  It  is  partly  transparent  and  partly 
opaque,  possessing  a  light-blue  colour. 

XIII.  Phosphate  of  Jron''and'Ammonia»''^Th\B  salt  is 
formed  by  precipitating  the  solution  of  phosphate  of  iron  in 
nitric  acid,  by  ammonia. 

Peroxide  of  Phosphoric  acid  forms  two  salts  with  peroxide  of  iron; 

l*^  tw^"      namel\ ,  perphosphate  and  subperphosphate  of  iron. 

^hoiphates.  XIV.  Perphosphate  oflFon.~This  salt  may  be  formed,  by 
double  decomposition,  from  perhydrochlorate  (permuriate) 
of  iron  and  phosphate  of  potash  or  of  soda.  A  white  pre- 
cipitate immediately  falls,  which  consists  of  the  salt  in  ques- 
tion. It  is  nearly  insoluble  in  water,  but  dissolves  in  acids, 
from  which  it  may  be  precipitated  unchanged  by  means  of 
ammonia. 

XV.  Subperphosphate  of  Iron.-'^Whtn  a  solution  of  pure 
potash  or  soda  is  poured  into  the  perphosphate  of  iron, 
this  salt  is  precipitated  in  the  form  of  a  brownish- red 
powder,  scarcely  soluble  in  water  or  in  acids. 

Two  arae-       XVL  Arsetiiate  and  Perarseniate  of  /ron.— Both  these 

Mates  of     gj^j^g  i^j^^g  been  found  native  in  Cornwall.  They  maybe 


SALTS  OF  OXIDIZED  IRON. 


359 


fonned,  artificially,  by  double  decompositioii;  th«  former,  Coat.  iv. 
from  arseniate  of  ammoiiia  and  sulphate  of  iron,  the  latter,  ^^^  fy^^ 
from  the  same  arseniate  and  the  persulphate.  natiye. 

XVIL  Chromate  ^/ron.— This  salt  has  been  found  na- 
ti%'e,  mixed  with  a  portion  of  alumina  and  silica,  in  France, 
in  Siberia,  and  near  Baltimore  in  the  United  States* 

XVIII.  Tungatate  of  /r0it«— This  salt  may  be  formed 
by  precipitating  sulphate  of  iron  by  the  tungstates.  Com- 
bined  with  a  portion  of  manganese,  it  occurs  native,  in  dif- 
ferent parts  of  the  world,  under  the  name  of  Wolfram* 

XIX.  Hydrofluate  of  /roii.«»Usual  chemical  name,  Fbi- 
ate  of  /ron.— -Hydrofluoric  (fluoric)  acid  acts  upon  iron 
very  slowly*  This  salt,  however,  may  be  easily  obtained 
from  hydrofluate  of  potash  and  sulphate  of  iron.  It  is  a 
white  tasteless  insoluble  powder. 

Ferrocyanic  acid  combines  with  both  oxides  of  iron,  and  Oxidised 
forms  ferrocyanate  and  pcrferrocyanate  of  iron.  ?""  ^^ 

XX.  Ferrocyanate  of  Iron^^^Whtn  ferrocyanate  of  potash  jjjj^*' 
is  dropped  into  a  solution  of  sulphate  of  iron  freed  by  i.  Ferro- 
boiling  from  atmospheric  air,  this  salt  precipitates  in  the  oytnate. 
form  of  a  white  powder*  By  exposure  to  air,  it  absorbs 
oxygen    and   is   converted   into  pcrferrocyanate    of  iron, 
(Prussian  blue). 

XXL  PEBFERROCYANATE  OP  IRON. 

(Utoal  ehemieil  iuaiie»  JPrumate  of  JrofL^^Ccmmonlj  ttSM, 

Prttuian  Blue.) 

1*  The  method  of  forming  this  salt  in  the  small  way  has  s.PerfttTo^ 
already  been  given  at  page  234.  The  outline  of  the  process  c^»ate  or 
followed  by  the  manufacturers  is  this.  Raspings  of  horns,  bioeThow 
clippings  of  skins  and  other  animal  substances  are  exposed,  obtained  bj 
in  covered  vessels,  to  a  low  red  heat,  and  thereby  converted  2otuwr!* 
into  a  kind  of  charcoal.  Thirty  pounds  of  impure  carbonate 
of  potash  are  then  mixed  with  ten  pounds  of  this  coal,  and  the 
mixture,  ignited  for  twelve  hours  in  an  iron  vessel.  When 
the  mixture  has  acquired  a  pasty  consistence,  it  is  poured 
out  into  vessels  of  water.  Part  of  the  mass  dissolves;  and 
the  solution  thus  obtained  is  mixed  with  a  solution  of  three 
parts  of  supersulphate  of  alumina-and-potash  (alum),  and 
one  part  of  sulphate  of  iron.    A  precipitate  immediately 
forms,  which  is  green  at  first,  but  afterwards,  by  being 
washed  with  diluted  hydrochloric  (muriatic)  acid,  becomes 
of  a  beautiful  blue  colour. 

2..  It  is  not  easy  to  explain  intelligibly  the  process  for  Probable 
forming  this  salt,  consistently  with  the  new  discoveries,  •JjJ^"*^f 
which  have  been  made  respecting  its  constituents.  It  would  cess. 


B«oK  L   tpfetctj  bowever,  llun  die  aoimal  subttaaceap  by  being  igni* 
^^^^^  ^;tcd  with  cartK>tiate  of  pocath,  form  a  cyanodide  of  potash. 
These  substances  appear  to  bt  essential  to  the  process,  only 
by  fumishifig  the  necessary  qnaati^y  of  azote  for  the  for- 
mation of  the  cyanogen*  On  the  supposition  that  the  ferro- 
cyanic  acid  is  a  compound  of  hydrocyanic  acid  and  iron, 
then  the  explanation  of  the  formation  of  the  sdt  would 
seem  to  be  this:  at  the  moment  that  the  sulphate  of  iron 
is  added  to  the  cyanodtde  of  potash^  water  is  decomposed, 
and  at  the  same  time,  a  portion  of  the  oxide  of  iron  of  the 
sulphate,  deoxidized.  The  cyanogen  of  the  cyanodide^  after 
being  converted  into  ferrocyanic  acid  by  combining  with 
the  hydrogen  of  the  decomposed  water  and  the  reduced 
iron  of  the  sulphate,  then  unites  to  the  unreduced  portion 
of  the  oxide,  previously  converted  to  the  state  of  peroxide, 
so  as  to  form  the  perferrocyanate.  After  the  perferrocya* 
nate  is  separated,  the  remaining  liquid  is  a  solution  of  sul- 
phate of  potash.  The  suptrsulphate  of  alumina-and-potash 
'  (alum),  which  is  employed,  is  for  the  purpose  of  diluting  the 
colour*  Hence  the  Prussian  blue  of  commerce  always  con- 
tains a  portion  of  alumina.  It  is  washed  with  diluted  hy» 
drochloric  acid,  in  order  to  dissolve  away  some  oxide  of  iroa 
which  remains  in  excess. 
Pktmertici       3.  Perferrocyanate  of  iron  is  in  the  form  of  a  powder  of  a 
fcrrocT^'^  deep  blue  colour.  It  is  insoluble  in  water,  and  scarcely  dis- 
anate.        solves  in  acids.  It  remains  unaltered  i.n  the  air.  When  de- 
^  composed  by  heat,  Cjrapogen  is  driven  oflp,  and  oxidized 

iron  remains  behind. 

^«^te  XXII.  PergaUate  of  Irm^ — ^This  ^alt  may  be  formed  by 
dropping  gallic  acid  into  a  peroxidizcd  salt  of  iron.  It  is 
in  the  form  of  a  black  precipitate,  very  fine  and  light,  and 
remaining  a  long  time  suspended.  If  a  portion  of  mucilage 
or  syrup  be  added  to  the  water  holding  the  black  precipi- 
tate, it  becomes  permanently  suspended,  and  constitutes  the 
Chemicd  liquid  called  writing  ink.  Ink  is  generally  made  by  adding 
wridiigink.  ^  quantity  of  water  to  a  mixture  of  powdered  nut-galls  and 
sulphate  of  iron  of  commerce.  This  sulphate  is  a  mixture 
of  the  two  sulphates  of  iron;  and  accordingly,  only  part  of 
it  is  proper  to  produce  the  precipitate  of  pergallate  of  iron. 
The  portion  of  the  sulphate,  containing  the  protoxide,  is 
found  to  form  with  gallic  acid,  a  combination,  which  is 
colourless,  but  which,  by  attracting  oxygen  from  the  air,^ 
soon  becomes  converted  into  a  pergallate  and  turns  black. 
These  facts  supply  the  reason  why  some  inks,  at  first  very 
pale,  become  afterwards  quite  black  by  exposure  to  air. 

XXIII.  Per^ticcmafr  ^/ron.^— When  succinate  of  soda  is 
dropped  into  solutions  of  the  peraalts  of  oxidized  iron,  this 
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salt  precipitttes  in  the  form  of  brownish-red  flakes.  Succi-  CiA».iy. 
nate  of  soda  is  therefore  a  very  excellent  test  of  the  pre-  —""-'— 
sence  of  peroxide  of  iron,  in  solutions.  < 

Acetic  acid  forms  a  distinct  salt  with  each  of  the  oxides  of  Oxidized 

'  ^  XXIV.  Acetate  of  Iron, — ^This  salt  may  be  formed  by  wiih  teetie 
dissolving  sulphuret  of  iron  in  acetic  acid.  It  is  in  the  form  *^* 
of  crystals  of  a  green  colour,  and  sweetish  styptic  taste. 

^  XXV.  Peracetate  of  /r^n.— This  salt  may  be  prepared, 
either  by  mixing  together  sulphate  of  iron  and  acetate  of 
lead  (sugar  of  lead),  and  exposing  the  mixture  to  the  air, 
or  by  dissolving  iron  in  the  impure  acetic  acid  obtained  by 
distilling  wood.  It  is  deliquescent,  and  cannot  be  made  to 
crystallize.  When  evaporated,  it  assumes  the  form  of  a  jelly. 
Its  solution  in  water  has  a  brownish-red  colour.  It  is  much 
employed  by  calico  printers;  it  being  the  most  easily  de- 
composed of  any  of  the  persalts  of  oxidized  iron.  When 
prepared  with  alcohol,  it  forms  the  tincture  ofacetated  iron^ 
of  me  Dublin  college. 

Tartaric  acid  forms  one  salt  with  protoxide  of  iron,  and  Protoxide 
one  salt  with  protoxide  of  iron  and  potash.  tenloto^ 

XXVI.  Tartrate  of  Iron.^^Whai  tartaric  acid  is  poured  two  up- 

into  a  solntion  of  sulphate  of  iron,  and  the  mixture  heated,  I'^^tn^. 

this  salt  may  be  obtained  in  the  form  of  crystals  which  are 

sparingly  soluble  in  water. 

XXVIL  TARTRATE  OF  POTASH-AND-IRON. 
(Old  namet»  CAafybeated  Tanar^Tariarixtd  Jrwn.) 

1.  This  salt  may  be  obtained  by  boiling  a  mixture  of  two  2.  Potasso- 
parts  of  bitartrate  of  potash  Scream  of  Urtar),  and  one  part  *^™^®' 
of  iron  filings,  previously  made  into  a  paste  with  water,  in  a 
sufficient  quantity  of  this  liquid.  The  extra  atom  of  acid  in 

the  bitartrate  becomes  saturated  with  protoxide  of  iron.  By 
proper  evaporation,  the  salt  may  be  obtained  in  crystals.— 
The  Dublin  college  form  this  triple  salt  by  boiling  one  part 
of  carbonate  of  iron  and  two  parts  of  bitartrate  of  potash, 
in  thirty-two  parts  of  water.  The  liquor  thus  obtained  is 
filtered,  and  evaporated  for  crystallization. 

2.  Tartrate  of  potash-and-iron  is  in  the  form  of  small 
needle-shaped  crystals,  possessing  a  chalybeate  taste.  It  is 
very  soluble  in  water. 

3.  When  this  salt  is  employed  as  a  medicine,  it  acts  as  a  lu  medle&i 
tonic  and  aperient.  From  its  chemical  composition,  there  P^'^P**"^^'* 
is  reason  to  believe  that  it  would  be  of  service  in  many 

cases  of  chronic  disease.  It  certainly  deser\'es  more  attcn- 
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Book  I.    tion  than  is  generally  paid  to  it  by  the  medical  professioit 
DivisiopH.  jn  this  country.  Its  dose  is  from  10  to  30  grains. 

Chalybeate  or  ferrated  wine  may  be  considered  as  thb 
triple  salt  dissolved  in  wine;  since  this  liquid  dissolves 
iron,  only  in  consequence  of  the  bitartrate  of  potash 
(tartar),  which  it  contains.  To  make  a  uniform  chalybeate 
wine,  it  would  be  preferable  to  dissolve  a  determinate^ 
quantity  of  the  triple  salt,  ready  formed,  in  some  wine. 

Peroxide  of  Tartaric  acid  forms  but  one  salt  with  peroxide  of  iron. 

butonetarw     XXVIII.  Pertartrate  of  /ron.— When  iron  is  dissolvM 
tnte.         in  tartaric  acid,  and  heat  applied  to  the  solution,  this  salt 
becomes  formed.  It  has  a  red  colour.  It  is  not  crystalliz- 
able  by  evaporation,  but  assumes  the  form  of  a  jelly. 


littof  Mtts  Of  the  remaining  salts  of  oxidized  iron,  there  have  been 
of  oxidized  ^lore  or  less  examined  by  chemists,  the  sulphite,  hyposul- 
desf^ribed.  phite,  hydrosulphate,  selenate,  borate,  molybdate,  antimo- 
niate,  sulphocyanate,  purpurate,  oxalate,  benzoate,  citrate, 
mcllate,  malate,  lactate,  suberate,  zumate,  and  boletate;  but 
these  salts  are  of  too  little  importance  to  be  described.  The 
rest  of  the  salts  of  oxidized  iron,  ^mounting  to  31,  are  un« 
known. 

General         The  salts  of  oxidized  iron  may  be  recognised  by  the 
oftEe  mJu  following  properties  or  marks. 

of  oxidized      1.  The  majority  of  them  are  soluble  in  water;  and  in 
"^*  general,  they  have  a  greenish  or  yellowish-red  colour,  and 

an  astringent  taste. 

2.  Ferrocyanate  (triple  prussiate)  of  potash,  when  drop- 
ped into  their  solutions,  occasions  a  precipitate,  which  is 
either  deep  blue*  or  acquires  this  colour  by  exposure  to  the 
atmosphere.  This  precipitate  is  the  perferrocyanate  of  iron 
(Prussian  blue). 

3.  Phosphate  of  soda  occasions  a  white  precipitate  in 
their  solutions. 

4.  Succinate  of  ammonia  precipitates  the  peroxidized 
salts  of  a  flesh-colour,  but  has  no  effect  upon  the  protoxi- 
dized  salts. 
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Chap.  IV. 

SECTION  XVI. 

SALTS  OF  OXIIXZBD  NICKEL. 

Salts  of  Oxidized  Nickel  are  combinations  of  theSaitoofoxU 
oxides  of  nickel  with  the  diflFercnt  acids.  Only  three  of^^^^' 
these  compounds  will  be  noticed.  oompouodt. 

1.  Hydrochlorate   of   A^ic^i^/.— Usual    chemical    name,  Uydroehio- 
Muriate  of  NicAeL-^y/htVL  pure  nickel  is  dissolved  in  hy.«*«<^"^*^'^- 
drochloric  acid  assisted  by  nitric  acid,  and  the  solution 
evaporated,  this  salt  is  obtained  in  crystals  of  an  apple- 
green  colour.  In  the  air,  they  at  first  deliquesce,  but,  by 

long  exposure,  suffer*  decomposition*  When  somewhat 
heated,  the  salt  becomes  yellow,  and  loses  about  5S  per 
cent,  in  water  of  crystallization;  but  its  original  quantity 
is  restored  again,  when  it  is  exposed  to  the  air,  by  the  ab- 
sorption of  moisture.  In  a  stronger  heat,  it  is  decomposed. 

II.  Sulphate  of  McieL^^This  salt  may  be  formed  by  dis-  Sulphat^. 
solving  pure  nickel  in  sulphuric  acid,  occasionally  assisted 
by  nitric  acid.  It  is  in  the  form  of  crystals,  which  have  a 
beautiful  green  colour,  and  are  not  altered  by  exposure  to 
the  air.  It  has  an  astringent  taste,  and  is  very  soluble  in 
water.  When  heated,  it  swells  without  melting,  and  as- 
sumes a  yellow  colour,  owing  to  the  loss  of  its  water  of 
crystallization. 

llh  Nitrate  of  NickeL^^'Whetk  nicktl  is  dissidved   inNknfie. 
nitric  acid  by  the  assistance  of  heat,  the  solution,  by  evapo- 
ration, yields  this  salt  in  crystals.  These  crystals,  by  expo- 
sure to  air,  at  first  deliquesce,  but  afterwards  fall  to  pow- 
der, and  gradually  lose  their  acid. 

Of  the  remaining  salts  of  oxidized  nickel,  there  have  List  of  saiu 
been  more  or  less  examined  by  chemists,  the  ammonio- °f ^^Jj'**^ 
sulphate,  potasso-sulphate,  ferro-sulphate,  selenate,  ammo-  describe^ 
nio-nitrate,  carbonate,  borate,  phosphate,  arseniate,  chro- 
XDate,-molybdate,  sulphocyanate,  purpurate,  oxalate,  acetate 
and  zumate;  but  these  salts  are  of  too  little  importance  to 
be  noticed.  The  rest  of  the  salts  of  oxidized  nickel,  amount- 
ing to  48,  are  unknown. 

The  salts  of  oxidized  nickel  may  be  recognised  by  the  General 
following  properties  or  marks.  Sfthe'wlits 

^  1.  They  are  generally  soluble  in  water;  and  their  solu- of  oxidized 
tions  have  a  beautiful  green  colour.  ""'^kci. 

2.  When  ferrocyanate  (triple  prussiate)  of  potash  is  drop- 
ped into  their  solutions,  a  milk-white  precipitate  Is  formed. 

3.  Hydrosulphate  (hydrosulphuret)  of  potash,  occasions 
a  black  precipitate. 
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SiXTS  OF  OSmiZBD  COBAlLT. 


Saiuofosi- Salts  of  Oxidized  Cobalt  are  combinations  of  the  pro- 
Mu'what     '  ^^^^^^  ®^  cobalt  with  the  different  acids*  The  peroxide  is 
ootttpoands.     not  known  as  a  salifiable  base.  Only  four  of  these  com- 
pounds will  be  noticed. 

Hydroohlo-     I.  Hydrfichlorate  of  Cotak^'^^Usvi^i  chemical  name,  Mu^ 

bait^^*^  rwftf  of  Caia/^.-— This  salt  may  be  formed  by  dissolving 
eobalt  in  hydrochloric  (muriatic)  acid,  assisted  by  nitric 
acid.  The  solution,  when  sufficiently  concentrated,  deposites 
small  deliquescent  crystals,  which  are  at  first  blue,  but  af- 
terwards become  red  by  the  absorption  of  moisture.  This 
salt,  when  dissolved  in  water,  forms  one  of  the  best  sym- 
pathetic inks  known.  When  the  solution  is  very  much  dilu* 
ted,  it  is  nearly  colourless;  and  if  employed  to  trace  letters 
on  paper,  the  writing  remains  invisible  in  the  cold;  but  if 
the  paper  be  gently  heated,  the  letters  become  visible  of  a 
fine  green  colour.  When  the  salt  is  heated  to  redness  in  a 
retort,  those  portions  of  it,  which  are  in  contact  with  the 
vessel,  undergo  decomposition,  tinging,  at  the  same  time, 
the  glass  of  a  blue  colour;  the  rest  melts,  and  afterwards 
sublimes  in  grey-coloured  flowers,  which  are  difficultly  solu- 
ble in  water. 

Saiphftt&  11.  Sulphate  of  CohalU^^-Whtn  boiling  sulphuric  acid  is 
digested  upon  cobalt,  the  metal  is  dissolved;  and  there  is 
obtained  a  brownish-red  mass,  which,  by  solution  and  eva- 
poration, yields  this  salt  in  small  needle-form  crystals.  It 
has  a  reddish-colour,  and  is  not  altered  by  exposure  to  air. 
When  heated,  it  loses  42  per  cent,  in  water  of  crystalliza- 
tion, and  becomes  converted  into  an  opaque,  rose-coloured 
mass. 

Nitrate.  HI-  Nitrate  of  Cobalt.^^When  nitric  acid  is  digested 

upon  cobalt  with  the  assistance  of  heat,  the  solution  obtain- 
ed, by  evaporation,  yields  this  salt,  in  the  form  of  crystals, 
which  are  deliquescent  in  the  air,  and  suffer  decomposition 
by  heat. 

IV.  Hydroftuate  of  Cobalt. '^IJsval  chemical  name,  Fluate 
of  Cobalt. — ^This  salt  may  be  obtained  by  dissolving  pro- 
toxide of  cobalt  in  hydrofluoric  (fluoric)  acid,  and  evapo- 
rating the  solution  formed.  'It  is  in  the  form  of  small  red 
(:rystals,  which  contain  a  small  excess  of  acid.  When  treat- 
ed with  water,  it  is  divided  into  two  salts;  a  superhydro- 
fluate  which  remains  in  solution,  and  a  neutral  hydrofluate 
which  precipitates  in  the  form  of  a  red  powder. 
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Of  the  remaining  salts  of  oxidized  cobalt^  there  have  been  CmF.iv. 
more  or  less  noticed  by.  chemists,  the  selenate,  ammonio-  Urtoftaitt 
nitrate,  carbonate,  borate,  phosphate,  ardeniate,  antimoniate,  of  oxadised 
antimonjte,  sulphocjanate,  purpurate,  oxalate,  acetate,  tar-  T''^^^^ 
trate,  and  zumate.  The  rest  of  the  salts  of  oxidized  cobalt,  ^"^ 
amounting  in  number  to  46,  are  unknown. 

The  salts  of  oxidized  cobalt  may  be  recognised  by  the  General 
following  properties  or  marks*  SnE^^S* 

1«  The  greater  number  of  them  are  soluble  in  water;  and  of  ox^izcd 
their  solutions,  when  containing  a  neutral  salt,  have  a  red-  oobait. 
dish  colour. 

2.  Potash  or  soda,  when  dropped  into  them,  occasions  a 
blue  precipitate. 

3*  Ferrocyanate  (trijde  pnissiate)  of  potash  occasions  a 
yellowish-brown  precipitate,  often  having  a  shade  of  blue. 


SECTION  XVIII. 


SALTS  OF  OXIDIZED  MANGANESE. 


Salts  ot  Oxidizxd  Manganese  are  combinations  of  the  Saiu  of  ax- 
protoxide' and  peroxide  of  manganese  with  the  diflferent  ^'f^^"**^ 
acids:  the  deutoxide  is  not  known  to  enter,  as  a  constitu-  what  eom- 
ent,  into  any  salt.  Four  only  of  these  salts  will  be  noticed,  vo^^^* 

I.  Hydrochlorate  of  iyJzn^anw^.— Usual  chemical  name,  Hydrochio- 
Murtate  of  Mang'anese.'-^This  salt  may  be  formed  by  dis-  Sin^nese. 
solving  protoxide  or  carbonate  of  manganese  in  hydrochloric 

acid.  It  is  difficult  to  obtain  it  in  crysuls.  It  is  transparent, 
and  has  a  rose-red  colour,  and  a  caustic  taste,  which  leaves 
a  saltish  impression  upon  the  tongue.  It  speedily  deliques- 
ces in  the  air.  When  exposed  to  heat,  it  undergoes  the 
watery  fusion;  and  if  the  temperature  be  increased  to  red- 
ness, the  greater  part  of  the  acid  is  driven  off. 

Sulphuric  acid  forms  a  salt  with  either  the  protoxide  or  Oxidized 
peroxide  of  manganese.  mangincse 

II.  Sulphate  of  Manganese*^^T\M  salt  may  be  obtained  nluiHth 
by  dissolving  carbonate  of  manganese  in  sulphuric  acid.   It  ■uiphorio 
is  formed  also,  when  the  peroxide  is  treated  with  sulphuric  *^' 
acid,  with  the  assistance  of  heat.  The  oxide  becomes  re- 
duced to  the  state  of  protoxide  (oxygen  being  extricated  in 

the  gaseous  form)  and  then  dissolves  in  the  acid.  It  is  in 
the  form  of  silky,  needle-shaped  crystals,  of  a  sweetish 
taste.  It  is  not  altered  by  exposure  to  the  air.  After  being 
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Book  l   dried,  it  is  solable  in  about  three  times,  its  weight  of  cold 
P^^M"*"-  water. 

III.  Persulphate  of  Manffanese.'^This  salt  may  be  ob« 
tained  by  distilUng  sulphuric  acid  off  the  peroxide  of  man- 
ganese. A  mass  is  thus  obtained,  which,  by  treatment  with 
water,  affords  a  violet-coloured  liquor,  holding  this  sulphate 
in  solution*  It  cannot  be  obtained  easily  in  crystals*  When 
the  solution  is  evaporated,  it  is  converted  into  a  jelly-like 
mass,  intermixed  with  soft  crystals  of  little  permanency* 
When  evaporated  to  dryness,  it  yields  thin  red-coloured 
crusts,  which  are  formed  by  successive  precipitations  from 
the  surface* 

]^rateof  IV.  Nitrate  of  Mang'anese.^^t^itric  acid  dissolves  man- 
BttDganese.  ganese  with  effervescence,  owing  to  the  formation  of  dcu- 
toxide  of  azote  (nitrous  gas).  It  acts  with  great  difficulty 
upon  the  peroxide;  but,  siter  long  digestion,  the  solution  is 
effected*  Its  solvent  pdwer  is  greatly  assisted  by  the  addi- 
tion of  sugar  or  gum,  as  the  solution  is  going  on,  and  a 
quantity  of  carbonic  acid  is  emitted*  This  circumstance 
shows,  that  part  of  the  oxygen  of  the  peroxide  is  yielded 
up  to  combine  with  the  carbon  of  the  substances  added* 
The  easiest  method,  however,  for  forming  this  salt,  is  to 
dissolve  the  carbonate  in  nitric  acid,  and  to  evaporate  the 
solution  cautiously*  The  salt  is  thus  obtained  in  needle- 
form  crystals,. semi-transparent  aud  of  a  white  colour*  It 
has  a  sharp  bitter  taste,  and  is  soluble  in  water  and  deli- 
quescent in  the  air* 

Listo.saiu  Besides  the  four  salts  just  described,  there  have  been 
or  oxidized  more  or  less  noticed  by  chemists,  the  hydrosulphate,  sele- 
offlkted.  nate,  carbonate,  phosphate,  arseniate,  chromate,  tungstate, 
antimoniate,  hydrofluate,  sulphocyanate,  oxalate,  succinate, 
acetate,  tartrate,  potasso-tartrate,  benzoate,  citrate  and  zu* 
mate  of  manganese;  but  these  salts  are  of  too  little  im- 
portance to  be  described*  The  rest  of  the  salts  of  oxidized 
irtanganese,  amounting  in  number  to  43,  are  unknown* 

General  The  salts  of  oxidizcd  manganese  may  be  known  by  the 

'*fih^*^?u  f^^lowing  properties  or  marks* 

of  oxidized       i-  Their  solutions  are  precipitated,  by  the  carbonate  of 
manganese. potash  or.soda,  of  a  white  or  reddish  colour,  becoming 

black  by  exposure  to  air*  This  precipitate^is  a  carbonate  of 

manganese. 

2.  Ferrocyanate  (triple  prussiate)  of  potash  occasions  a 
white  precipitate* 

3.  Hydrosulphate  (hydrosulphuret)  of  potash  occasions  a 
white  precipitate. 


SALTS  OP  pnDttED  CERItJH.  om 
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SECTION  XIX. 


SALTS  OF  OXIDIZBD  CBRIUAC 


Salts  o?  Oxidized  Cerium  are  combinations  of  the  ox-  Saitiofoxi^ 
ides  ot  cerium  with  the  different  acids.  Five  only  of  these  <li^  de- 
compounds will  be  noticed.  vhat*eom- 

*»  -  pound*. 

Hydrochloric  acid  combines  with  the  peroxide  of  cerium 
onlv. 

I.  Perhydrochlorate  of  Ceriiiin.*— Usual  chemical  name,  Perbjdro- 
Muriate  of  Cerium.— When  peroxide  of  cerium  is  treated  •**'?™^  <* 
with  hydrochloric  acid,  a  solution  is  obtained,  which,  by 
concentration,  may  be  m&de  to  yie^  this  salt  in  crystals  of 

a  yellowish-white  colour.  It  has  an  astringent  and  sweet 
taste,  and  deliquesces  in  the  air.  When  exposed  to  heat,  it 
is  completely  decomposed. 

Sulphuric  acid  forms  a  distinct  salt  with  each  of  the  oxides  Oxidised 

of  cerium.  ©eriam 

II.  Sulphate  of  Orit/m.—- This  salt  may  be  formed  by  Ml^ato; 
dissolving  the  protoxide  or  carbonate  of  cerium  in  sulphuric 

acid.  The  solution  is  colourless  and  has  a  sweet  taste,  and 
readily  yields  the  salt  in  crystak. 

III.  Persulphate  of  Cirrmm.— -By  digesting  peroxide  of 
cerium,  for  some  time,  in  diluted  sulphuric  acid,  there  is 
obtained  an  orange-coloured  solution,  which  yields,  by  eva- 
poration, this  salt  in  needle-form  crystals.  Its  colour  is 
partly  lemon-yellow  and  partly  orange.  It  is  not  soluble  in 
water,  unless  it  contain  an  excess  of  acid;  in  which  case  its 
solution  has  an  acid  and  sweet  taste.  When  exposed  to 
the  air,  it  falls  into  a  yellow  powder. 

Nitric  acid  forms  a  distinct  salt  with  each  of  the  oxides  of  and  two  ui- 
cerium.  tm^B. 

IV.  Nitrate  of  Crrit/m.-— When  nitric  acid  is  poured 
upon  the  protoxide  or  carbonate  of  cerium,  this  salt  is 
readily  obtained  in  solution.  The  solution,  which  is  colour- 
less and  possesses  an  austere  sweet  taste,  always  retains  an 
excess  of  acid,  and  cannot  be  made  to  crystallize  without 
difficulty. 

V.  Pemitrate  of  CVriMm.— When  peroxide  of  cerium  is 
dissolved  in  hot  nitric  acid,  the  solution  yields  this  salt  itt 
small  white  crystals,  which  deliquesce  when  exposed  to  the 
air,  and  suffer  decomposition  by  heat. 

Of  the  remaining  salts  of  oxidized  cerium,  the  followingLut  of  saiU 
have  been  noticed  by  chemists;  namely,  the  potasso'sulphate,^^^^'''^^^^ 
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Book  I.  sulphite,  selenatc,  cariwiisle,  phosphate,  arseniate,  molyb- 
2^- date,  oxalate,  succinate,  acetate,  tartrate,  benzoate  and  ci- 


cerium       trate*  The  rest  of  the  salts  of  oxidized  cerium,  amoundng 
^^*^^'     in  number  to  48,  are  unknown. 

General         The  salts  of  oxidized  cerium  may  be  distinguished  by 
P™g^^  the  following  marks. 

of  oxUized      !•  1^^  protosalts  are  white,  and  the  persalts,  yellow, 
cerion.  2.  Their  solutions  in  water  have  a  sweet  taste. 

3.  Hydrosulphate  (hydrosulphuret)  of  potash  occasions  a 
white  precipitate,  consisting  of  the  protoxide. 

4.  Ferrocyanate  (triple  prussiate)  of  potash  occasions  a 
milk-white  precipitate. 


SECTION  XX. 

SALTS  OF  OXIDIZEP  URANIUM. 

Salts  of  Salts  of  Oxidized  Uranium  are  combinations  of  the 
^2^^^  oxides  of  uranium  with  the  different  acids.  Four  of  these 
vhit  oom-      salts  only  will  be  noticed. 

poaodt. 

Hydroehio-  I.  Hydrochlofote  of  {/ranium.— Usual  chemical  name, 
«terfo»-jyur/attf  of  Uranttim.— -Hydrochloric  acid  scarcely  acts 
upon  uranium  in  the  metallic  state,  but  dissolves  the 
protoxide.  The  solution  formed  yields  this  salt  in  crystals, 
which  have  a  yellowish  colour,  and  are  deliquescent  in  the 
air. 
Solphate.  II*  Sulphate  of  C7ranit/m.— -Sulphuric  acid,  when  cold« 
has  very  little  action  upon  uranium;  but  when  diluted  and 
assisted  by  heat,  it  dissolves  its  protoxide,  and  the  solution 
obtained  yields  needle-formed  crystals  of  this  sulphate. 
This  salt  has  a  lemon-yellow  colour.  It  dissolves  in  some- 
what more  than  half  its  weight  of  cold  water,  and  in  a  less 
quantity  of  boiling  water.  When  exposed  to  a  red  heat,  its 
acid  is  entirely  dissipated,  and  nothing  remains  but  the  pure 
protoxide. 

Protoxide  Nitric  acid  forms  a  neutral  salt  and  a  subsalt  with  protox- 
^^nfam      ide  of  uranium. 

nitrates.  HI*  Nitrate  of  Uranium.^^Th\s  salt  may  be  formed  by- 
dissolving  protoxide  of  uranium  in  nitric  acid.  It  is  in  the 
form  of  lemon-yellow  crystals,  which  are  greenish  on  the 
edges;  but  if  it  contain  an  excess  of  acid,  the  crystals  are 
entirely  greenish.  Cold  water  dissolves  about  twice  its 
weight  of  this  salt.  Boiling  water  dissolves  any  quantity; 
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the  water  of  crystallization  being  sufficient  to  effect  the  so-  C&ir  IV. 
lution  at  the  boiling  temperature.  When  exposed  to  the  air,  "■ 

heated  to  about  the  temperature  of  lOOP^  it  very  soon  falls 
into  a  white  powder;  but  in  a  cold  and  damp  situation,  it 
deliquesces,  and  is  converted  into  a  liquid. 

IV.  Subnttrate  of  Uranium. — ^This  salt  may  be  formed 
by  heating  nitrate  of  uranium,  until  it  becomes  of  an  orange- 
yellow  colour,  and  then  treating  it  with  water.  The  portion 
of  it,  which  remains  undissolved,  is  the  subnitrate.  It  is  in 
the  form  of  a  powder  of  a  lemon-yellow  colour. 

Besides  the  four  salts  just  described,  there  have  been  List  of  laits 
noticed,  by  different  chemists,  the  selenate,  phosphate,  ar-^^**^**^***^ 

'■'-.-  ti  t  r       r         »  anmam 

seniate,  molybdate,  tungstate,  sulphocyanate,  acetate  and  omitted, 
tartrate  of  uranium;  but  these  salts  are  of  too  little  im- 
portance to  be  described*   The  rest  of  the  salts  of  oxidized 
uranium,  amounting  to  52,  are  unknown. 

The  salts  of  oxidized  uranium  may  be  distinguished  by  Genenti 
the  following  marks.  SrS^^Mj* 

1.  TThe  greater  number  of  them  are  soluble  in  water;  and  of  oxMized 
the  solutions  have  a  yellow  colour.  aruiitma. 

2.  Potash  and  soda,  or  their  carbonates,  occasion  a  white 
precipitate,  which  is  soluble  in  excess  of  these  salifiable 
bases. 

3.  Ferrocyanate  (triple  prussiate)  of  potash  occasions  a 
brownish-red  precipitate,  which  is  not  in  the  form  of  flakes. 

4.  Hydrosulphate  (hydrosulphuret)  of  potash  occasions 
a  brownish-yellow  precipitate. 


SECTION  XXI. 

SALTS  OF  OXIDIZED  ZINC. 

Salts  07  Oxidized  Zinc  are  combinations  of  the  oxideSalUofox- 
of  zinc  with  the  different  acids.  The  followinc:  are  the  "'j**^ ""« 

r    *  %  ^  whHt  oom- 

most  important  ot  these  salts.  poonds. 

I.  Chlorate  (j/'Zmc.— Former  chemical  name.  Hyper oxy-  chionteof 
muriate  of  Zinc— Chloric  acid  dissolves  zinc  without  cf-  ane. 
fervescence,  and  the  solution  contains  both  chlorate  and 
chloride  of  zinc.  Hence,  it  is  evident,  that  part  of  the  acid 
is  decomposed;  the  oxygen  of  the  decomposed  portion 
oxidizes  a  part  of  the  zinc,  with  which  the  undecomposed 
portion  combines  in  the  form  of  chlorate  of  zinc;  while  its 
chlorine  forms  a  chloride  with  the  metallic  zinc.  This  salt, 
however,  may  be  obtained,  in  a  separate  state,  by  dissolv- 

3  A 
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Book  I.   ing  carbonate  of  zinc  in  chloric  acid,  and  evaporating  the 
Division  II.  solution  Until  it  crystallizes.  It  has  a  very  astringent  taste. 
On  burning  coals,  it  fuses  and  produces  a  yellow  light,  but 
does  not  detonate. 
Hydrochio-      IL  Hydrochlorate  of  Zinc^^^Ususl  chemical  name,  Mu- 
2J^  *^       riate  o/*  Zinc— This  siilt  may  be  formed  by  dissolving  zinc 
Ui  hydrochloric  acid.  The  solution  is  attended  with  effer* 
vescence,  owing  to  the  extrication  of  hydrogen  gas.    When 
evaporated,  it  does  not  crystallize,  but  forms  a  mass  re- 
sembling jelly.   When  distilled,  a  portion  of  its  acid  sepa* 
rates,  and  a  solid  mass  is  left  behind,  which  is  very  soluble 
in  water,  and  attracts  moisture  from  the  air,  so  as  to  assume 
a  gelatinous  consistency.  When  evaporated  to  drjmess,  and 
afterwards  exposed  to  a  red  heat  in  a  glass  vessel  with  a 
narrow  ori6ce,  it  is  converted  into  chloride  of  zinc* 

III.  lodate  of  Zinc.'^This  salt  may  be  obtained  by  dis- 
solving carbonate  of  zinc  in  iodic  acid.  After  an  interval  of 
a  few  hours,  the  salt  precipitates  in  spherical  grains*  It  is 
but  sparingly  soluble  in  water. 

IV.  Hydriodate  of  Zi/ic— This  salt  may  be  formed  by- 
heating  iodine,  with  excess  of  zinc,  under  water.  The  water 
at  first  acquires  a  deep- brown  colour;  but  afterwards,  if  the 
heat  be  continued,  it  becomes  colourless.  It  now  constitutes 
a  solution  of  this  hydriodate.  It  cannot  be  made  to  crystal- 
lize. When  evaporated  to  dryness  and  fused,  it  is  converted 
into  a  crystallized  iodide  of  zinc. 

V.  SULPHATE  OP  ZINC 

(Common  names,  VitriolMted  Zinc. — ffhite  ViirioL) 

Sulphate  of     !•  This  salt  may  be  formed  by  dissolving  three  parts  of 
zinc;  2inc  filings  in  five  parts  of  sulphuric  acid,  previously  dilu- 

tained.       ted  with  twenty  parts  of  water.  The  solution,  on  being  set 
aside,  deposites  the  sulphate  in  crystals. 

2.  It  is  prepared  by  the  manufacturer  by  roasting  native 
Bulphuret  of  zinc  (blende).  By  this  measure,  the  sulphur 
becomes  acidified,  and  the  metal,  converted  into  an  oxide* 
The  mineral,  thus  altered,  is  then  dissolved  in  water,  and 
the  solution  obtained,  concentrated  so  far  as  that  the  sul- 
phate suddenly  crystallizes  in  a  mass,  not. unlike  white 
sugar.  In  this  state,  it  constitutes  the  white  vitriol  of  com** 
merce.  It  is,  however,  impure,  owing  to  admixture  of  iron, 
copper  and  lead.  Apothecaries  very  frequently  put  up, 
in  prescriptions,  the  impure  sulphate  of  commerce;  but, 
before  being  used  medicinally,  it  ought  always  to  be  purified 
by  solution,  and  mixture  iirith  a  quantity  of  zinc  filings. 
Zinc  has  the  property  of  precipitating  all  metals  from  their 
solutions;  and  hence  its  use  in  the  purification,  as  it  throws 
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down  all  the  foreign  metals,  and  takes  their  place.'  The  im«  Chap.  TV. 
pure  sulphate  may  be  distinguished  by  its  having  yellow 
spots,  and  by  letting  fall,  upon  solution,  a  dirty  brown  sedi- 
ment. 

3.  This  salt  was  discovered  in  Germany  about  the  mid- 
dle of  the  sixteenth  century.  It  was  first  proved  to  contain 
zinc  by  Henkel  and  Newmann;  but  it  was  Brandt,  who 
ascertained  its  composition  completely. 

4.  Sulphate  of  zinc  has  a  white  colour,  and  a  metallic  Proper- 
styptic  taste.  It  dissolves  in  about  two-thirds  of  its  weight  **•** 
of  cold  water,  and  to  any  amount  in  boiling  water.  Its  spe- 
cific gravity,  when  in  the  form  of  crystals,  is  1*912;  but,  in 

an  impure  state  as  it  occurs  in  commerce,  it  is  1*327.  When 
exposed  to  heat,  it  speedily  melts,  then  loses  its  water  of 
crystallization,  amounting  to  about  36  per  cent,  and  at  last, 
when  the  temperature  is  considerably  raised,  it  parts  with 
the  greater  portion  of  its  acid. 

5.  It  is  composed  of 

Sulphuric  acid  40-— one  atom. 
Oxide  of  zinc  41-^one  atom. 

Giving  81  for  the  number  represent- 
ing the  weight  of  its  atom. 

6.  Sulphate  of  zinc  is  frequently  used  in  medicine,  and  Uses  m 
with  various  intentions.  When  employed  in  small  doses,  it  ™*^"**' 
is  said  to  act  as  a  tonic.  In  doses  of  from  ten  grains  to  half 

a  drachm,  it  acts  as  a  very  prompt  emetic,  and  on  this  ac- 
count is  generally  preferred  for  the  purpose  of  dislodging 
poison  from  the  stomach.  When  given  with  this  view,  it 
may  be  exhibited,  in  urgent  cases,  in  very  large  doses*  In 
solution,  it  is  frequently  used  as  an  injection  in  gonorrhoea, 
to  act  as  a  sedative  and  astringent  application.  It  forms  a 
part  of  the  most  efficacious  astringent  coUyria.  In  solution, 
along  with  supersulphate  of  alumina-and-potash  (alum),  it 
forms  the  compound  alum  water  of  the  London  college, 
formerly  called  Bates's  alum  water,  which  is  frequently 
used  for  the  purpose  of  cleansing  ulcers,  and  as  a  wash  for 
cutaneous  eruptions. 

VI.  Nitrate  of  Zinc. — This  salt  may  be  formed  by  dis-NitniteK 
solving  zinc  in  nitric  acid.  The  acid  acts  upon  the  metal  ^*'^*'' 
with  great  energy,  and  large  quantities  of  deutoxide  of 
azote  (nitrous  gas)  are  emitted.  The  solution  is  transpa- 
rent and  colourless,  and  possesses  a  styptic  taste.  When 
sufficiently  evaporated,  it  yields  the  nitrate  in  crystals. 
This,  salt  is  soluble  in  water,  and  deliquescent  in  the  air. 
When  heated  on  burning  coals,  it  first  melts,  and  then  de- 
tonates with  a  red  flame.  In  a  strong  heat,  it  is  completely 
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I   decomposed,  its  acid  being  converted  into   deutoade   of 
_|^  azote  and  oxygen  gas. 


yn.  CARBONATE  OF  ZINC. 
(Cominoa  name,  Calamme*) 

CarlMiate       !•  This  salt  may  be  formed  by  precipitating  a  solution  of 
oTzmc.       3Qy  33j(  Qf  2inc,  by  means  of  the  carbonate  of  potash  or  of 

soda.  "  . 

How  pro-        2«  For  the  purposes  of  medicine,  it  is  prepared  from  ca- 
l**^^*"*    lamine,  a  native  carbonate   of  zinc,  found  abundandy  in 
dkine.        England,  Germany,  and  other  countries,  by  a  process  simi- 
lar to  that  for  forming  prepared  carbonate  of  lime  (chalk). 
The  native  carbonate  has  a  variety  of  colours;  the  most 
usual  are  greyish,  brownish,  yellowish,  or  pale  reddish. 
Its  hardness  is  considerable.  Before  the  blow-pipe,  it  de- 
crepitates and  sublimes.  It  dissolves  in  many  of  the  acids 
with  eiFervescence. 
3.  It  is  composed  of 

Carbonic  acid  22— ^me  atom* 
Oxide  of  zinc  41— one  atom. 

Giving  63  for  the  number  represent- 
.    ing  the  weight  of  its  atom. 
Medical         4.  This  salt  is  used  in  medicine  as  an  external  applica- 
Vf^'V^r^^  tion  only.  It  is  employed  in  collyria  for  defluctions  from  the 
eyes,  and  as  a  drying  application  for  moist  running  ulcers, 
and  excoriations.   It  is  usually  applied  in  the  form  of  a 
cerate.  This  cerate  is  called  epulotic  cerate.  It  is  essen- 
tially the  same  with  Turner's  cerate. 

VIIL  Hydrofluate  o/* Zrnc.«— Usual  chemical  name,  Fhi- 
ate  of.  Zrnc.-^ T his  salt  may  be  obtained  by  dissolving  zinc 
in  diluted  hydrofluoric  acid;  or  by  precipitating  sulphate  of 
zinc  by  means  of  hydrofluate  of  potash.  It  is  a  white,  taste- 
less,  insoluble  powder. 

IX.  ACETATE  OF  ZINU 

Aeetatc  of  1.  This  salt  may  be  formed  by  dissolving  zinc  in  acetic 
Sijlii^T  ^^^^^  ^^  '^y  niixing  together  the  solutions  of  sulphate  of 
zinc  (white  vitriol),  and  acetate  of  lead  (sugar  of  lead). 
When  obtained  by  the  latter  method,  a  double  decomposi- 
tion takes  place;  and  an  insoluble  sulphate  of  lead  preci- 
pitates, while  the  acetate  of  zinc  remains  in  solution.  When- 
ever these  two  salts  are  prescribed  in  solution  together, 
this  double  decomposition  takes  place;  and  an  acetate  of 
zinc  becomes  formed.  But  this  is  not  a  good  way  to  pre- 
scribe the  acetate;  as,  in  many  cases,  ignorant  patients  will 
shake  the  liquid,  which  contains  it,  in  order  to  diflfuse  the 
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insoluble  sulphate,  which  appears  as  a  sediment,  at  the  Cbav.iv. 
bottom  of  the  vial,  under  the  impression  that  it  may  be  a 
useful  part  of  the  medicine*  The  acetate,  therefore,  should 
always  be  ready  prepared  in  the  apothecaries'  shops.  It  is 
easily  formed  by  mixing  the  solutions  of  sulphate  of  zinc 
and  acetate  of  lead  together,  and  filtering  the  liquid  obtain- 
ed  to  separate  the  insoluble  sulphate. 

2.  Acetate  of  zinc  may  be  obtained  in  crystals  by  evapo-  PropeHieB* 
rating  its  solution.  It  has  a  bitter  metallic  taste,  and  is  very 
soluble  in  water.  In  the  air,  it  suffers  no  alteration.  When 
thrown  upon  live  coals,  it  bums  with  a  blue  flame.  When 
distilled,  it  yields  water,  an  inflammable  liquid,  and  some 

oil,  and  towards  the  end  of  the  operation,  the  oxide  of  zinc 
sublimes. 

3.  This  salt  is  very  much  used,  in  solution,  as  an  injec-  Medicd 
tion  in  gonorrhoea.  It  appears  to  be  one  of  the  best  metallic  ^''^ 
preparations,  which  can  be  employed  for  abating  inflamma- 
tion. It  is  ordered  by  the  Dublin  college  to  be  dissolved  in  ' 
alcohol;  under  which  form,  it  is  called  the  tincture  of  ace- 
tate of  zinc.  When  thus  prepared,  it  is  used  as  a  stimulating 
coUyrium  and  injection. 

Of  the  remaining  salts  of  oxidized  zinc,  diere  have  been  lift  of  nitt 
more   or  less  examined  by  chemists,  the  fcrro»8ulphate,  ^l^^^lSS? 
cobalto-sulphate,  sulphite,  hyposulphite,  hydrosulphate,  se*  tod.* 
lenate,  borate,  phosphate,  arseniate,  chromate,  molybdate, 
tungstate,   antimoniate,  sulphocyanate,  purpurate,  oxalate, 
succinate,  tartrate,  potasso-tartrate,  benzoate,  citrate,  ma- 
late,  lactate,  and  zumate;  but  these  salts  are  not  of  sufficient 
importance  to  be  described.  The  rest  of  the  salts,  formed 
by  this  metallic  oxide,  amounting  in  number  to  33,  are  un- 
known. 

The  salts  of  oxidized  zinc  may  be  known  by  the  follow-  General  '• 
ing  properties  or  marks.  properties 

1.  The  greater  number  of  them  are  soluble  in  water,  and  rfJiSiSSi 
their  solutions  are  transparent  and  colourless.  sine. 

2.  Hydrosulphate  (hydrosulphuret)  of  potash  occasions  a 
white  precipitate,  when  dropped  into  them. 

3.  Ferrocyanate  (triple  prussiate)  of  potash  occasions  a 
white  precipitate. 

4.  They  afford  no  metallic  precipitate,  by  metals,  sus- 
pended in  their  solutions* 
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Book  I. 
Divinon  H* 

SECTION  XXIL 

SALTS  OF  OXIDIZED  LEAD. 

|fi^<J^- Salts  of  Oxidized  Lbad  are  combinations  of  the  pro- 
whateom-  toxide  of  lead  with  the  different  acids.  The  peroxide 
poojMU.  is  not  known  to  combine  with  any  acid:  hence,  strictlj 

speaking,  it  is  not  a  salifiable  base.  The  following  are  the 

most  important  of  these  salts. 

Chknmte  of  I.  Chlorate  of  I^a^.— Former  chemical  name.  Hyper* 
'*■*•  oxymurtate  of  Lead.^^T\i\%  salt  may  be  formed  by  dissolv- 

ing the  semi-vitrified  oxide  of  lead  (lithargr)  in  chloric 
acid.  The  solution  has  a  very  sweet  astringent  taste.  By 
spontaneous  evaporation,  it  deposites  the  chlorate  in  bril- 
liant crystals.  On  burning  coals,  it  emits  a  white  smoke 
and  the  lead  is  revived. 

nrotoiide    Hydrochloric  acid  forms  a  hydrochlorate  and  a  subhydro- 
ten  Into*'       chlorate  by  combining  with  protoxide  of  lead, 
two  hydro-      II.  Hydrochlorote  of  J>a^/— Usual  chemical  name,  Mu' 
chlontes.    ^i^f^  of  Lead.^^This  salt  may  be  formed  by  decomposing 
nitrate  of  lead  by  means  of  hydrochloric  acid.  It  precipi- 
tates in  the  form  of  a  white  powder,  which  has  a  sweetish 
taste,  and  is  soluble  in  twenty  two  parts  of  cold  water. 
When  dissolved  in  boiling  water,  it  deposites,  as  the  scdu- 
tion  cook,  in  crystals  of  a  white  colour,  and  brilliant  ap- 
pearance like  satin.  These  crystals  are  not  altered  by  expo-« 
sure  to  the  air;  but  when  heated,  they  melt  and  are  converted 
into  chloride  of  lead  (horn  lead).  This  salt  is  composed  of 
Hydrochloric  acid     d7-^>ne  atom. 
Protoxide  of  lead   1  t2-^-one  atom. 

Giving  149  for  the  number  repre- 
senting the  weight  of  its  atom. 

III.  Subhydrochlorate  of  X^a^/.— Usual  chemical  name, 
Submuriate  of  Lead.^-^Thi^  salt  may  be  formed  by  treating, 
with  water,  a  mixture  of  one  part  of  semi-vitrified  oxide 
of  lead  (litharge)  and  four  parts  of  chloride  of  sodium  (com- 
mon salt).  This  process  constitutes  one  of  the  methods  (or 
obtaining  carbonate  of  soda  from  chloride  of  sodium  (com- 
mon salt);  and  it  has  been  described  and  explained  under 
the  head  of  carbonate  of  soda.  Subhydrochlorate  of  lead 
is  insolnble  in  water,  and  when  newly  formed  has  a  white 
colour.  After  exposure  to  heat,  by  the  action  of  which  it 
becomes  of  a  fine  yellow  colour,  it  is  employed  as  a  paint. 

Ghdplttte  of  IV.  Sulphate  of  Z.ra^.-^ulphuric  acid,  when  cold,  has 
'**^'         little  action  upon  lead;  but  in  a  boiling  heat,  it  oxidizes  and 
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dissolves  this  metal^  sulphurous  acid  being  at  the  same  Cbaf.iy. 
time  emitted,  and  forms  with  it  a  thick  white  mass,  con-  ""^"^""^ 
sisting  of  this  sulphate.  This  salt,  however,  may  be  more 
readily  formed  by  precipitating  acetate  of  lead  by  the  sul- 
phate of  potash  or  of  soda.  It  is  a  tasteless  white  powder. 
It  occurs  native  in  the  form  of  crystals.  It  is  composed  of 

Sulphuric  acid  40— one  atom* 

Protoxide  of  lead  112— one  atom. 

Giving  152  for  the  number  repre- 
senting the  weight  of  its  atom. 

Nitric  acid  forms  a  nitrate  and  a'  subnitrate  by  combining  pnioiide 
with  protoxide  of  lead.  oflctd 

V.  Nitrate  of  Lead. — ^This  salt  may  be  formed  by  dis-  Som!^ 
solving  lead  or  its  carbonate  in  nitric  acid.  It  is  in  the 

form  of  crystals^  which  are  opaque  and  white,  and  have  a 
silvery  lustre.  It  has  a  sweetish  and  harsh  taste,  and  is  not 
altered  by  exposure  to  air.  It  is  soluble  in  water.  When  ex- 
posed to  heat,  it  decrepitates,  undergoes  a  kind  of  detona- 
tion, and  emits  brilliant  sparks.  It  is  composed  of 

Nitric  acid  54— one  atom. 

Protoxide  of  lead    1 1 2— one  atom* 

Giving  166  for  the  number  repre- 
senting the  weight  of  its  atom. 

VI.  Subnitrate  of  Lead.'^This  salt  maybe  obtained  by 
boiling  a  solution  of  nitrate  of  lead  upon  protoxide  of  lead, 
and  filtrating  the  liquid  formed  while  hot;  upon  its  cooling, 
the  subnitrate  is  deposited  in  pearl-coloured  crystals,  which 
have  a  sweet  astringent  taste. 

Vn.  CARBONATE  OF  LEAD.  

(Common  names,  White  Lead^Cerutm,) 

1.  This  salt  may  be  obtained  by  precipitating  a  solution  CartoBtte 
of  lead  in  nitric  acid,  by  means  of  the  carbonate  of  potash  <>^'«*<i*^o^ 
or  of  soda.  For  the  purposes  of  the  arts,  it  is  prepared  by  P'^P"'** 
exposing  thin  plates  of  lead,  rolled  spirally  and  placed  on 

their  edges,  to  hot  vapours  of  common  acetic  acid  (vinegar). 
The  plates,  after  a  certain  time,  become  covered  with  a 
white  crust,  which  is  scraped  off.  They  are  again  and 
again  exposed  to  the  vapour  of  the  acid,  until  they  are  en- 
tirely corroded.  The  white  substance  thus '  formed  is  car- 
bonate of  lead.  The  carbonic  acid  is  probably  formed  by 
the  decomposition  of  the  acetic  acid. 

2.  The  carbonate  of  lead  has  been  considered  to  be  an 
oxide;  and  accordingly,  the  Edinburgh  college  calls  it  the 
white  oxide  of  lead.  It  has  also  been  called  a  subacetate  pf 
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BooE  L   lead,  on  account  of  the  manner  in  which  it  is  prepared,  it 
Bivuionll.  being  by  the  action  of  common  acetic  acid  (vinegar);  bat  it 
is  in  fiict  a  carbonate  of  lead,  as  was  first  asceruined  by 
Bergman. 

3.  Carbonate  of  lead  occurs  native,  sometimes  in  the 
form  of  crystals  having  a  white  colour  and  considerable 
lustre.  Its  specific  gravity  in  this  state  is  7*23. 

4.  Carbonate  of  lead,  when  artificially  formed,  is  a  britde, 
friable,  heavy  substance,  insoluble  in  water,  and  possessing 
a  snow-white  colour  and  sweet  taste.   The  beauty  of  its 

.    colour  depends  principally  upon  the  purity  of  the  lead  from 
which  it  is  manufactured.  It  has  a  scaly  and  foliated  texture. 

5.  It  is  composed  of 

Carbonic  acid  22-«one  atom. 

Protoxide  of  lead    1 1 2— one  atom. 

Giving  134  for  the  number  represent- 
ing the  weight  of  its  atom. 
Uiediiithe     6.  Carbonate  of  lead  is  very  much  employed  in  the  arts 
arts  and  in  as  a  white  paint.  In  pharmacy,  it  is  used  in  the  composition 
™      ^^'   of  certain  plasters  and  ointments,  which  are  supposed  to  be 
efficacious  as  drying  applications. 

Chromate  VIII.  Chromate  of  Lead.'^When  the  solutions  of  nitrate 
«f  lead.  ^f  1^^^  ^Qj  chromate  of  potash  or  of  soda  are  mixed  to- 
gether, this  salt  precipitates  in  the  form  of  a  powder.  It  con- 
stitutes a  very  important  yellow  pigment,  under  the  name 
of  chromic  yellow*  It  is  manufactured  in  the  United  States 
by  decomposing  the  native  chromate  of  iron,  by  means  of 
potash,  and  precipitating  the  chromate  of  potash,  thereby 
formed,  by  means  of  nitrate  of  lead.  Chromate  of  lead 
occurs  native  under  the  name  of  the  red  lead  ore  of  Siberia. 
In  this  state,  it  is  in  the  form  of  crystals  of  a  red  colour, 
with  a  shade  of  yellow. 
Hydro-  IX.  Hifdrofluate  of  Lead.^—Usudl  chemical  nama,  Fluate 

flaate.  (f  i^orf.— Hydrofluoric  acid  has  no  sensible  action  upon 
lead*  Hence  vessels  of  lead  are  generally  used  to  contain 
this  acid,  instead  of  glass  ones,  which  are  corroded  by  its 
action.  This  salt,  however,  may  be  formed  by  dropping  hy- 
drofluoric acid  into  acetate  of  lead.  It  is  in  the  form  of 
brilliant  plates,  which  are  insoluble  in  water,  but  dissolve 
in  nitric,  hydrochloric  and  hydrofluoric  acids.  When  heat- 
ed to  redness,  it  melts,  becomes  yellow,  and  loses  a  portion 
of  its  acid. 


SALTS  OP  OXIDIZED  LEAD.  37<j 

Acetic  acid  combines  in  two  proportions  with  protoxide  of  Chap.it. 
lead,  and  forms  acetate  and  subacetate  of  lead.  Protoxide 

X,  ACETATE  OF  LEAD.  foriSftwo 

Sjn.  Sug'ar  of  Lead, — Sug'ar  of  SatunL'-^Jiceiated  Ceruue.  acetates. 

1*  There  are  two  processes  for  manufacturing  acetate  of  i.  Acetate 
lead.  One  consists  in  dissolvinfi:  carbonate  of  lead,  prepared  ^^*^^* 

■  .,  ,  ii«°  r*  'f*^.    now  pre- 

by  exposmg  the  metal  to  the  fumes  of  vinegar,  or  the  semi-  pared, 
vitrified  oxide  of  lead  (litharge),  in  acetic  acid,  and  evapo- 
rating the  solution  until  it  crystallizes.  The  other  method 
is  to  immerse  thin  plates  of  lead. in  acetic  acid;  and  as  those 
which  are  nearest  the  surface  become  incrusted  with  a  coat 
of  oxide,  to  place  them  near  the  bottom,  and  thereby  to 
bring  other  plates  to  the  surface,  to  be  incrusted  in  their 
turn.  These  plates  also  are  transferred  to  the  bottom;  and 
by  being  changed  in  this  manner  every  day,  the  whole  at 
last  become  dissolved.  The  solution  obtained  is  then  crys- 
tallized by  evaporation.  ^ 

2.  Acetate  of  lead  is  in  the  form  of  white  needle-shaped  Its  proper- 
crystals,  which  have  a  glossy  appearance.  It  has  a  sweet  ^^' 
and  somewhat  astringent  taste.  Its  specific  gravity  is  2r345. 

It  dissolves  in  rather  less  than  four  times  its  weight  of  cold 
water^  and  in  a  somewhat  smaller  proportion  of  boiling 
water.  In  the  air,  it  undergoes  no  change.  It  is  aifected  by 
the  light;  amd  when  exposed  to  heat,  its  acid  is  entirely  de- 
composed. It  is  composed  of 

Acetic  acid  51— one  atom. 

Protoude  of  lead    1 12— one  atom. 

Giving  163  for  the  number  represent- 
ing the  weight  of  its  atom. 

3.  This  salt  constitutes  a  very  active  article  of  the  materia  Uses  W 
medica.   It  appears  to  exert  a  very  powerful  influence  over  nied»c»««' 
hsemorrhagies  of  the  active  kind.   It  acts  in  many  alarming 
cases  of  this  nature  with  wonderful  promptitude.  When 

the  case  is  urgent  and  cannot  admit  of  delay,  the  salt  may 
be  given  in  doses  of  from  five  to  twenty  grains,  frequently 
repeated,  or  even  in  larger  quantities.  The  danger  of  its 
exhibition,  in  large  doses,  appears  to  have  been  very  much 
overrated.  It  is  in  very  general  use  as  ah  external  applic^i- 
tion  to  abate  inflammation.  It  is  applied  in  solution  by 
cloths  or  by  means  of  crumbs  of  bread,  or  in  substance, 
combined  with  cerate  in  the  form  of  an  ointment,  formerly 
called  saturnine  ointmenU 

XL  SUBACETATE  OF  LEAD. 

1  •  This  salt  may  be  formed  by  boiling  together,  in  water,  100  ^  SuUcef* 
parts  of  acetate  of  lead,  and  150  parts  of  dry  semi-vitrified*"^®"^* 
oxide  of  lead  (litharge),  deprived  of  its  carbonic  acid.  It  is  in 

3  B 
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Book  l    the  form  of  ciyfttallme  plates.  It  is  not  so  sweet  ts  the  acetate, 
PiviiioB  It  oj.  jQ  soluble  in  water.  The  preparation,  formed  by  boiling 
acetic  acid  (distilled  vinegar)  upon  semi-vitrified  oxide  <^ 
lead  as  long  as  the  latter  is  dissolved,  is  a  solution  of  sub- 
acetate  of  lead*  It  was  first  made  by  Goulard,  a  surgeon  of 
Montpelier,  and  recommended  by  him  as  an  excellent  ap- 
plication in  inflammation.  It  was  formerly  distinguished  by 
tbe  nine    the  names  of  Gouiard*s  extract j  and  vinegar  of  lead;  and 
»T^*^-      is  the  same  with   the  water  of  acetated  litharge   of  the 
tract'<?     London  college.  When  formed  into  a  cerate  with  yellow 
lead.  ^ax  and  olive  oil,  with  the  addition  of  a  litde  camphor,  it 

constitutes  tbe  preparation  well  known  by  the  name  of 
Goulard's  cerate,  the  compound  cerate  of  acetated  litharge 
of  the  London  college. 
Medieai  2.  Subacetate  of  lead  had  once  considerable  reputation  as 

''"'^  an  abater  of  inflammation;  but,  at  the  present  day,  it  is  not 

considered  to  possess  any  advantages  over  the  solution  of 
the  simple  acetate,  as  an  application  in  such  cases. 

liitofniu  Of  the  remaining  salts  of  oxidized  lead,  there  have  been 
I^a'^^  more  or  less  examined  by  chemists,  the  sulphite,  selenate, 
ted.  tellurate,  nitrite,  borate,  phosphate,  nitrophosphate,  phos- 

phite, arseniate,  molybdate,  tungstate,  antimoniate,  antimo- 
nite,  sulphocyanate,  purpurate,  gallate,  formate,  oxalate, 
sorbate,  succinate,  tartrate,  potasso-tartrate,  benzoate,  sac- 
lactate,  citrate,  mellatc,  maUite,  lactate,  suberate  and  zumate; 
but  these  salts  are  not  of  sufficient  importance  to  be  noticed. 
The  rest  of  the  salts  of  oxidized  lead,  amounting  in  number 
to  2r,  are  unknown. 

Senerai         The  salts  of  oxidizcd  lead  may  be  known  by  the  follow- 

prooertitt  Jug  properties  or  marks. 

of  oxidized       ^*  ^  considerable  number  of  them  are  scarcely  soluble  in 

lead.  water,  without  an  excess  of  acid.  Those  which  are  soluble, 

form  solutions,  which  are  generally  colourless  and  transpa- 
rent. 

2.  They  have  all,  more  or  less,  a  sweet  taste,  accompanied 
with  a  degree  of  astringency. 

3.  Perrocyanate  (triple  prussiate)  of  potash  occasions  a 
white  precipitate  in  their  solutions. 

4.  Hydrosulphate  (hydrosulphuret)  of  potash  occasions  a 
black  precipitate. 
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C«AP.  IV. 

SECTION  XXIII. 

SALTS  OF  OXlDlZfiD  TIK. 

Salts  of  Oxidized  Tin  are  combinalions  of  the  oxides  Saiti  of  ox- 
of  tin  with  the  different  acids.  >dizcd  tin; 

what  00m- 

Hydrochloric  acid  forms  a  distinct  salt  with  each  of  the  K^^ 
oxides  of  tin.  tin  formt 

I.  Hydrochhrate  ^  Tin.— Usual  chemical  name,  Muriate^^.^^^ 
of  Tin.— When  tin  is  dissolved  in  four  times  its  weight  of  ehlorio  "^ 
hydrochloric   acid,   the.  brownish-yellow  solution  formed  *^d- 
yields,  upon  evaporation,  this  salt  in  needle-shaped  crj^s-^^t^. 
tals,  which  are  soluble  in  water,  and  somewhat  deliquescent  ^Q* 

in  the  air.  When  treated  with  water,  it  is  converted  into  a 
subsalt  which  precipitates,  and  a  supersalt  which  remains  in 
solution.  When  evaporated  to  dryness  and  afterwards  fused 
in  close  vesseb,  water  becomes  formed,  and  the  salt  is  con- 
verted into  protochloride  of  tin. 

II.  Perhydrochlorate  of  Tin.— -Usual  chemical  name,  2.  Perhy. 
Permuriate  of  Tin.— The  hydrochlorate  is  very  liable  to*'"*^©- 
be  converted  into  this  salt.  It  abstracts  an  atom  of  oxygen  ^^' 
from  a  great  number  of  bodies  containing  this  supporter, 

and  thereby  has  its  protoxide  converted  into  peroxide. 
This  change  is  produced  by  the  contact  of  air,  and  by  the 
addition  of  nitric  acid.  It  is  effected  also  by  arsenious  and 
arsenic  acid,  which  become  reduced  to  the  metallic  state. 
When  molybdic  or  tungstic  acid  is  dropped  into  a  solution 
of  the  simple  hydrochlorate,  the  former  becomes  converted 
into  molybdous  acid,  and  the  latter,  into  oxide  of  tungsten. 
The  peraalts  of  oxidized  iron  and  of  copper  are  reduced  to 
protosalts,  by  being  added  to  the  same  solution;  while, 
under  the  same  circumstances,  antimonious  acid,  the  oxide 
of  zinc  and  silver,  and  the  peroxide  of  mercury  and  man- 
ganese, are  reduced  to  the  metallic  state. 

In  all  the  chemical  changes  just  enumerated,  there  is 
formed  a  perhydrochlorate  of  tin.  This  salt  is  an  important 
agent  in  the  production  of  the  scarlet  dye.  When  concen- 
trated, and  distilled  with  sulphuric  acid  by  means  of  a 
gende  heat,  it  is  converted  into  perchloride  of  tin  (fuming 
liquor  of  Libavius). 

Sulphuric  acid  forms  a  distinct  salt  with  each  of  the  oxides  Oxidized 
of  tin.  tin  ftj™ 

III.  Sulphate  of  Tin.— This  salt   may  be  formed  by  Jljui  sol- 
pouring  sulphuric  acid  into  hydrochlorate  of  tin.  It  is  iupbaricwnd. 
the  form  of  a  white  powder,  which  may  be  crystallized  by 
solution  and  evaporation. 
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Book  I.  IV.  Persulphate  of  Tin.— Sulphuric  acid,  when  cold«  has 
T^^f^^^^^  very  little  action  on  tin;  but  when  assisted  by  heat,  it  first 
peroxidizes  this  metal,  and  then  dissolves  it.  The  solution 
obtained  cannot  be  made  to  crystallize;  but  when  evaporat- 
ed, it  assumes  the  form  of  a  gelatinous  mass,  which  deposites 
a  white  powder  when  treated  with  water. 

Oiidized     Nitric  acid  forms  one  salt  with  protoxide  of  tin,  and  one 

ijjj^^"  i.     salt  with  peroxide  of  tin  and  ammonia. 

tntet.  V.  Nitrate  of  Tin.— Nitric  acid  acts  with  great  energy 

upon  tin;  a  great  deal  of  heat  is  evolved,  and  the  metad 
becomes  oxidized*  When  nitric  acid,  of  the  specific  gravity 
of  1-114,  is  poured  upon  tin,  a  yellow  coloured  solution  is 
obtained  consisting,  of  this  salt.  If  water  be  added  to  this 
solution,  the  salt  becomes  decomposed,  and  protoxide  of 
tin  precipitates  in  the  form  of  a  powder.  During  the  solu- 
tion of  die  tin,  a  quantity  of  ammonia  is  formed.  From 
this  fact,  it  is  evident,  that  both  water  and  the  acid  are  de- 
composed, and  yield  oxygen  to  oxidize  the  tin;  while  the 
hydrogen  of  the  former,  by  combining  with  the  azote  of 
the  latter,  forms  ammonia.  The  ammonia  may  be  made 
sensible  by  its  odour,  upon  the  addition  of  potash  to  the 
solution. 

VI.  Ammonio'pernitrate  of  Tin.— When  nitric  acid,  of 
the  specific  gravity  of  1*25,  is  poured  upon  tin,  a  violent 
action  takes  place,  the  metal  becomes  peroxidized,  but 
does  not  dissolve.  Hence  there  is  no  pemitrate  of  tin.  But 
a  quantity  of  ammonia  becomes  formed,- in  the  manner  just 
explained,  which  is  xapaUe  of  combining  with  nitric  acid 
and  peroxide  of  tin,  so  as  to  form  the  triple  salt  here 
noticed.  Whenever  nitric  acid  appears  to  dissolve  the 
peroxide  of  tin,  it  is  by  the  assistance  of  ammonia,  and  the 
result  is  the  formation  of  this  triple  salt. 

Smu?^"'"  ^"-  PerhydrofuateofTin.—Us\i2A  chemical  name, /'Attrfe 
of  Tin. — Hydrofluoric  acid  does  not  act  upon  metallic  tin. 
This  salt,  however,  may  be  formed  by  dissolving  peroxide 
of  tin  in  hydrofluoric  acid.  The  solution,  by  evaporation, 
becomes  opaque  from  the  precipitation  of  the  s^t,  which 
may  be  again  dissolved  by  the  addition  of  Water. 

of  Stidi^'  ^^  *^  remaining  salts  of  oxidized  tin,  there  have  been 
tin  omitted  more  or  less  examined  by  chemists,  the  sulphite,  hydrosul- 
phate,  selenate,  borate,  phosphate,  arseniate,  sulphocyanate, 
purpurate,  oxalate,  succinate,  acetate,  tartrate,  potasso-tar- 
trate,  benzoate  and  zumate;  but  these  salts  are  of  too  litde 
importance  to  be  noticed.  The  rest  of  the  salts  of  oxidized 
tin,  amounting  to  43,  are  unknown. 
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The  sales  of  oxidized  tin  may  be  known  by  the  following  CmJV. 
propeities  or  marks.  General 

1.  They  are  generally  soluble  in  water,  and  their  solutions  properties 
have  usually  a  yellowish  or  brownish  tinge.  Sometimes,  ^^^Jl^ 
however,  diey  are  colourless.  tm. 

2.  Ferrocyanate  (triple  prussiate)  of  potash  occasions  a 
white  precipitate  when  dropped  into  their  solutions. 

3.  Hydrosulphate  (hydrosulphuret)  of  potash  occasions  a 
brownish-black  precipitate  in  solutions  of  the  protosalts, 
and  a  golden  yellow  precipitate  in  solutions  of  the  per- 
salts. 


SECTION  XXIV. 

SALTS  OF  OXIDIZED  COPPER* 

Salts  of  Oxidized  Copper  are  combinations  of  the  per-stiuofoii' 
oxide  of  copper  with  the  different  acids.  The  protoxide  ^«d  wp- 
of  copper  is  not  known  to  enter  into  the  composition  of  JJ2-^ 
any  salt  as  a  base.    Hence  all  the  salts  to  be  enumerated  poands. 
in  this  section  are  persalts.  The  following  are  the  most 
important  of  them. 

I.  Perchhrate  of  Copper»'^Former  chemical  name,  Ify"  Perohlo- 
peroxymurtate  of  Copper. — ^This  salt  may  be  formed  byJJJJf'^®**' 
dissolving  peroxide  of  copper  in  chloric  acid.    It  has  a 

green  colour.  When  exposed  to  heat,  it  fuses  and  gives  out 
a  green  light.  It  cannot  be  crystallizedvwithout  difficulty. 

II.  Perhydrochlorate  of  Copper •-"^Usjxdl  chemical  name,  Perbydro- 
Muriate  of  Copper.'-^This  salt  may  be  formed  by  dissolving  «Wortte. 
copper  in  hydrochloric  acid  assisted  by  heat,  or  its  per- 
oxide in  the  cold  acid.  The  solution  has  a  fine  green  colour, 

and  may  be  made  to  yield  crystals  by  concentration.  This 
salt  has  a  fine  grass-green  colour,  and  an  exceedingly 
acrid  and  caustic  taste.  It  is  very  soluble  in  water.  By  «ex- 
posure  to  air,  it  attracts  moisture,  and  is  converted  into  an  * 
oil-like  liquid.  When  evaporated  to  dryness,  at  a  tempera- 
ture not  exceeding  400^,  it  is  converted  into  perchloride 
of  copper.  If  the  heat  be  further  increased,  a  portion  of 
chlorine  is  driven  off,  and  the  perchloride  becomes  convert- 
ed into  a  protochloride. 

The  compound,  first  formed  by  Proust,  and  heretofore 
considered  a  simple  hydrochlorate  (muriate)  of  copper,  turns 
out,  upon  further  examination,  to  be  a  protochloride  of 
copper. 
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Book  I.    Sulphuric  acid  forms  three  salts  with  peroxide  of  copper, 
DiviaioDlL     ^nd  two  salts  With  peroxide  of  copper  and  ammonia. 

Peroxide  of 

copper  eu-  ^^  BIPERSULPHATE  OF  COPPER. 

^^  (CommoQ  names,  VitmkOed  (hpper^Blue  Witri^L) 

phatei.  I.  This  ssiit  is  yeiy  seldom  formed  by  the  direct  combi- 

soipSatTof  '^^^^^^  ^^  ^^  constituents*  It  is  manufactured,  in  the  large 
ei^per.  way,  by  evaporating  and  crystallizing  mineral  waters,  con- 
taining the  salt  in  solution;  or  by  burning  the  native  sul- 
phuret  of  copper,  or  moistening  it  with  water,  and  exposing 
it  to  the  air*  When  formed  by  the  latter  methods,  the  sul- 
phur becomes  acidified^  and  die  copper,  oxidized;  and,  by 
their  combination  thus  adtered,  they  form  the  salt  in  question. 
IfroptaciisB,  2.  Bipersulphate  of  copper  is  in  the  form  of  crystals, 
which  have  a  deep  blue  colour,  and  a  strong,  styptic,  me- 
tallic taste.  It  changes  vegetable  blues  to  red.  Its  specific 
gravity  is  2*19.  It  is  soluble  in  about  four  parts  of  cold 
water,  and  in  one  and  a  half  parts  of  boiling  water.  When 
exposed  to  the  air,  it  undergoes  a  slight  efBorescence,  and 
its  surface  becomes  covered  with  a  greenish-white  powder. 
When  heated,  it  loses  its  water  of  crystallization,  which 
amounts  to  about  36  per  cent,  and  becomes  converted  into 
a  bluish-white  powder.  In  a  pretty  strong  heat,  its  acid  is 
entirely  driven  off,  and  peroxide  of  copper  remains  behind. 
3.  It  is  composed  of 

Sulphuric  acid  80— two  atoms. 

Peroxide  of  copper  80*— one  atom. 

160 
Hence  it  is  evidently  a  bipersulphate. 
Uiesinme-     4.  Bipersulphate  of  copper,  even  in  small  doses,  );>roves 
*•       powerfully  and  prompdy  emetic.  But  its  internal  use,  ow- 
ing to  its  activity,  is  not  safe;  and  accordingly,  it  is  not 
much  employed.  Externally,  it  is  tised,  as  an  escharotic, 
to  destroy  warts  and  fungous  excrescences;  and  as  a  stimu- 
lating application  to  indolent  and  ill-conditioned  ulcers. 
2.  Penul-  ^      IV.  Persulphate  of  Co/r/>^r.— This  salt  resembles  very 
^   ^'        much  the  one  last  described.  It  is  formed  by  saturating 
the  extra  atom  of  acid,  contained  in  the  bipersulphate,  with 
peroxide  of  copper. 
9.  s^per-       V.  Subperstdphate  of  Cfl/)/»^r.— When  a  solution  of  pure 
^  potash  is  poured  into  a  solution  of  the  persulphate  of  cop- 

per, the  potash  abstracts  a  portion  of  sulphuric  acid  from 
the  persulphate,  and  this  salt  appears  in  the  form  of  a  green 
powder,  which  swims  on  the  surface  of  the  solution. 
4.  Ammo.  VI.  Ammonio-persulphate  of  Copper^^^This  salt  has  been 
pSttir""^"  formed  by  Berzelius.  It  is  a  compound  of  one  atom  of 
sulphate  of  ammonia,  and  one  atom  of  persulphate  of  copper. 
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Vn.  AMMONIO^UBPEBSULPHATE  OP  COPPER.  C«a>.  IV. 

(Formerlj  Qtlledi  Ammomacal  Copper,) 

1.  This  triple  salt  may  be  formed  by  pouring  ammonia  5.  Ammo* 
into  a  solution  of  bipersulphate  of  copper  (blue  vitriol),  and  JJSJSI^J*'' 
afterwards  adding  alcohol  (pure  spirit  of  wine)  to  the  blue 
liquid   obtained.    The  alcohol  has  a  stronger  affinity  for 

water  than  the  triple  salt  has,  which  is  in  solution;  hence  the 
latter  separates  in  the  form  of  blue  silky  crystals* 

2.  It  is  prepared,  by  the  apothecaries,  by  rubbing  together, 
in  a  mortar,  until  all  effervescence  ceases,  a  mixture  of  bi- 
persulphate of  copper  (blue  vitriol)  and  carbonate  of  am- 
monia. The  mixture  becomes  moist,  in  consequence  of  the 
triple  salt  formed  containing  less  water  of  crystallization 
than  its  constituents  in  a  separate  state.  It  is  then  dried 
and  preserved  in  well  stopt  vials.  As  it  is  liable  to  partial 
decomposition  during  its  exsiccation,  it  is  much  preferable 
to  prepare  the  salt  by  the  method  given  in  the  foregoing 
paragraph. 

3.  This  salt  has  been  used  in  the  treatment  of  epilepsy.  Medie^ 
But  its  doubtful  efficacy,  and  the  disagreeable  effects,  which  ^^'^^ 

it  sometimes  produces,  have  been  the  cause  of  its  being  in 
a  great  measure  laid  aside.  The  dose  is  about  half  a  grain^ 
exhibited  twice  a-day,  and  gradually  increased. 

Nitric  acid  combines  in  two  proportions  with  peroxide  of  Perazideof 
copper,  and  forms  pemitrate  and  subpemitrate  of  copper.  f°**^*%_-. 

VIII.  Pemitrate  of  Copper. — ^This  salt,  may  be  formed  ^lu  with 
by  dissolving  copper  in  nitric  acid,  and  slowly  evaporating  1^^^  ^^'^ 
the  solution  until  it  crystallizes.  The  solution  is  attended 

with  effervescence,  owing  to  the  emission  of  deutoxide  of 
asote  (nitrous  gas).  This  salt  is  in  the  form  of  crystals, 
which  have  a  fine  blue  colour,  and  an  acrid  and  metallic 
taste.  It  is  exceedingly  caustic,  and  acts  upon  the  skin  with 
great  energy.  It  is  very  soluble  in  water,  and  deliquescent 
in  the  air.  At  a  heat,  not  exceeding  lOO*',  it  undergoes  the 
watery  fusion;  and,  if  the  temperature  be  increased,  lodes  its 
water,  and  ultimately  a  part  of  its  acid.  It  acts  with  great 
energy  upon  tin;  and  if  a  portion  of  it  be  moistened  with 
water  and  wrapt  up  in  a  sheet  of  tinfoil,  a  strong  heat  is 
produced,  a  quantity  of  deutoxide  of  azote  is  quickly  form- 
ed, and  the  tinfoil  bursts  open  and  in  many  cases  catches 
fire*  It  is  composed  of 

Nitric  acid  54— one  atom. 

Peroxide  of  copper  8(^— one  atom. 
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IX.  Subpemitrate  of  Copper. — ^When  a  solution  of  potash 
18  poured  mto  a  solution  of  pemitrate  of  copper,  but  not 
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Book  l  in  snflJciBnt  qoaadty  to  deooo^KMe  the  disiolved  salt  com* 
I^M^^  IL  pletely,  part  of  itt  acid  is  abstracted,  and  a  supemitrate  a^ 

pears  in  the  form  of  a  precipitate,  which  is  at  first  bhie, 

but  become  green  bjr  agitadon. 

PcTMiio-  X.  Pcrcarbonate" of  Copper m^^TWiz  salt  may  be  formed  by 
n^  of  cop-  precipitating  a  solution  of  pemitrate  of  copper,  by  a  solution 
of  carbonate  of  potash  or  of  soda.  It  has  a  fine  apple-green 
colour.  It  occurs  native  under  the  various  names  of  mala- 
chite, blue  copper  ore,  and  anhydrous  carbonate,  according 
as  it  is  modified  by  the  presence  or  absence  of  water. 

XI.  Perarsemate  of  Copper.^^^vevdl  varieties  of  this 
salt  have  been  found  in  the  copper  mines  of  Cornwall  in 
England. 
Pflrmeoiie  XII.  Perar^enitc  of  Copper •^-^cheek^s  (rr^m.— This  salt 
<^gWjwv  may  be  obtained  by  the  following  process:  Form  two  so- 
^l^ptta.  'lutions;  one  by  dissolving  two  parts  of  bipersulphate  of 
copper  (blue  vitriol)  in  forty-four  parts  of  water;  and  the 
other  by  dissolving,  in  the  same  quandty  of  water  with 
the  assistance  of  heat,  two  parts  of  common  carbonate  of 
potash  (potash  of  commerce)  and  one  part  of  arsenious 
acid  (white  oxide  of  arsenic).  The  latter  solution  will  con- 
tain an  arsenite  of  potash.  Add  gradually  the  solution  of 
the  bipersulphate,  while  hot,  to  the  solution  of  the  arsenite, 
stirring  the  whole  frequendy.  The  mixture  upon  standing, 
gradus^'  deposites  a  fine  green  powder,  which,  after  being 
well  washed  «id  dried,  constitutes  the  perarsenite  of  copper. 
XIII.  Perhydrojluate  of  Copper.'-^Hy droAuoric  acid  does 
not  act  upon  copper.  This  sak,  however,  may  be  formed  by 
dissolving  peroxide  of  copper  in  an  excess  of  hydrofluoric 
acid.  The  solution,  upon  evaporation,  deposites  the  salt  in 
the  form  of  small  blue  crystab. 

XIV.  PEBACBTATB  OF  COPPER. 

Peneetote  1*  Acetic  acid  acts  upon  copper  very  slowly  in  open 
h^^^^^  vessels,  and  exerts  no  action  upon  it  in  close  ones.  This 
od.  salt,  however,  may  be  readily  formed  by  dissolving  per- 

oxide  of  copper  in  acetic  acid. 
Verdigria;       ^*  Verdigris  of  commerce  appears  to  be  a  mixture  of 
an  impure  peracetate  and  subperacetate  of  copper.  But  its  composition 
^*'*******'  IS  not  invariable;  and  it  very  frequently  contains  a  pretty 
Preptritipo  large  proportion  of  percarbonate  of  copper.  Verdigris  is 
^'•"^'^n*' commonly  prepared  by  exposing  plates  of  copper  to  the 
fumes  of  vinegar.  In  France,  it  is  usually  made  by  strati- 
fying, in  earthen  pots,  ]dates  of  copper  with  vine-stalks;  the 
latter  having  previously  undergone  the  acetous  fermenta- 
tion by  being  immersed  in  wine  for  a  sufficient  time.  After 
the  metallic  plates  have  remained  in  this  situation  for  from 
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ten  to  twenty"  days,  they  are  taken  out  of  the  eaiihen  pots,  Caiv.  iv. 
and  placed  on  their  edges  in  cellars,  with  their  surfaces  in  " 

contact;  and  during  che  course  of  seven  or  eight  days,  they 
are  alternately  dipped  in  water,  and  allowed  to  dry,  for  six 
or  eight  times  during  each  day.  They  are  then  found  to 
have  swelled,  and  to  be  every  where  covered  with  a  coat  of 
verdigris.  The  verdigris  may  be  easily  scraped  off  with  a 
knife,  and  is  now  in  the  state  of  a  paste.  It  u  afterwards 
beaten  well  with  wooden  mallets,  and  then  packed  in  bags 
of  white  leather,  in  which  it  is  dried  by  exposure  to  the  air 
and  sun.  Verdigris,  when  good,  is  of  a  bluish-green  colour,  lu  propen^ 
difficult  to  break,  and  free  from  black  or  white  spots;  it*^^ 
should  not  be  deliquescent  nor  have  a  salt  taste. 

3.  Peracetate  of  copper,  when  pure,  is  in  the  form  of  Propertie* 
crystals  of  a  bluish-green  colour.  Its  taste  is  disagreeably  ^***®  }*"J* 
metallic.  It  is  but  sparingly  soluble  in  water.  In  the  air,  it 
suffers  efflorescence.  It  is  frequently  used  in  dyeing.  The 
impure  peracetate  (verdigris)  is  very  much  employed  in  the 
formation  of  green  paints.    . 

4.  Verdigris  is  very  seldom  used  internally  as  a  medicine;  Ums  in  md- 
'and  when  so  employed,  it  acts  as  an  emetic.  Its  external  ^'^'^^* 
use  is  much  more  common.  Dissolved  in  vinegar  and  after- 
wards mixed  with  honey,  it  forms  the  oxymel  of  verdigris, 
which,  is  sometimes  used  to  cleanse  ulcers,  more  especi- 
ally such  as  are  venereal  and  are  situated  in  the  mouth  and 
throat.  But  its  use  for  the  latter  purpose  is  not  convenient; 

as  part  of  the  preparation  is  liable  to  pass  into  the  stomach, 
and  thereby  produce  unpleasant  consequences.  When  mix- 
ed with  some  mild  ointment,  it  forms  a  gently  escharotic 
application,  which  is  well  suited  to  particular  states  of  ex- 
ternal ulcers. 

Of  the  remaining  salts  of  oxidized  copper,  there  have  Salts  of  ox. 
been  more  or  less  examined  by  chemists,  the  potasso-sul*  **''**^  *??' 
phate,  sulphite,  potasso-sulphite,  stlenate,  tellurate,  nitrate,  ted. 
borate,   phosphate,  chromate,   molybdate,  tungstate,   anti- 
moniate,   antimonite,   sulphocyanate,   purpurate,   formate, 
oxalate,    ammonio-oxalate,    potasso-oxalate,   soda-oxalate, 
sorbate,  succinate,  tartrate,  potasso-tartrate,  benzoate,  sac- 
lactate,  citrate,  mellate,  lactate,  suberate  and  zumate;  but 
these  salts  are  of  too  little  importance  to  be  noticed.  The 
rest  of  the  salts  of  oxidized  copper,  amounting  to  29,  are 
unknown. 

The  salts  of  oxidized  copper  may  be  distinguished  by  Their  f^n- 
the  following  properties  or  marks.  erai  pro. 

1.  They  are  almost  all  soluble  in  water,  and  their  sola-  ^'  *^'' 
tions  are  either  blue  or  green. 

3  C 


S86 


aAITB. 


Bocs  L       2.  Their  solutioiu  are  chamged  to  a  deep-Uue  colDor  hf 
BiifMlonll.  the  addition  of  ammonia. 

3.  Ferrocyanate  (triple  prussiatc)  of  potash  occasioas  m 
red  precipitate  when  poured  into  their  solations. 

4.  Uydrosulphate  (hydrosulpburet)  of  potash  occasiooB  a 
black  precipitate. 

5«  A  plate  of  poliUied  iron,  by  being  plunged  into  their 
solutions,  becomes  covered  with  a  coat  of  metallic  copper. 


SECTION  XXV. 

SALTS  OF  OXIDIZi^D  BISMUTH. 

Salts  of  oii- Salts  of  Oxidized  Bismuth  are  combinations  of  the 
^'^  *^*r  oxide  of  bismuth  ^  ith  the  different  acids.  Only  four  of 
oompoQiKft.     these  salts  will  be  dt scribed. 

Uydroehio-      I.   Hydrochlorate  of  B»mf<M.— Usual  chemical  name, 

SShf***^  jMttrtaftf  o/*  jBi^murA.— Hydrochloric  acid,  while  cold,  has 

scarcely  any  action  upon  bismuth;  but  when  mixed  widi 

nitric  acid,  it  is  capable  of  dissolving  the  metaL  The  solution 

formed,  upon  evaporation,  yields  this  salt  in  small  crystals. 

II.  Sulphate  o/*JSMinuf/u— -Sulphuric  acid  acts  upon  bis* 
muth  by  the  assistance  of  heat,  and  converts  the  metal  ink> 
a  white  powder.  The  sulphate  formed,  when  treated  with 
water,  is  divided  into  a  supersulphate  and  a  subsulphate 
of  bismuth. 

Nitric  acid  combines  in  two  proportions  with  the  oxide  of 
bismuth,  and  forms  nitrate  and  subnitrate  of  bismuth. 

III.  Nitrate  of  BUmuth.^Sitnc  acid,  when  concentrated, 
acts  with  great  violence  upon  bismuth,  and  converts  it  into 
a  white  powder.  When  diluted,  it  converts  the  metal  into 
the  same  white  powder,  wjiich  becomes  dissolved  as  soon 
as  formed.  This  salt  is  deposited,  from  the  solution,  in  the 
form  of  white  crystals,  which,  upon  exposure  to  air,  at- 
tract a  little  moisture,  and  become  covered  with  a  white 
crust  of  hydrated  oxide.  On  burning  coals,  they  detonate 
feebly,  and  a  yellow  powder  remains  behind,  not  easily  redu- 
ced to  the  metallic  state. 

IV.  SUBNITRATE  OF  BISMUTIL 
(Ponnerij  ealledy  Magittery  o/Bumuih,) 

1.  When  the  nitrate  of  bismuth  in  crystals,  or  the  nitric 
solution  of  bismuth  is  treated  with  water,  this  liquid  ab* 
stracts  a  portion  of  acid  from  the  neutral  salt,  and  a  sub- 
nitrate  of  bismuth  precipitates  in  the  form  of  a  white  pow- 
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der.  When  the  nitric  solution  is  treated  with  chloride  of  Cbaf.  iv. 
sodium  (common  sait)^  or  biurtrate  of  potash  (cream  of  "^ 

tartar)^  a  subnitrate  also  appears  to  be  formed.  When  thus 
prepared,  it  constitutes  the  paint,  called  pearl  or  flake  white, 
which  is  sometimes  used  to  give  the  skin  a  beautiful  white 
^lour* 

2*  Of  late  years,  the  subnitrate  of  bismuth  has  been  intro-  Used  m 
duced  into  practice,  and,  from  the  experience  already  had  °^^^n** 
of  it,  appears  to  be  well  entitled  to  the  attenuon  of  phyii- 
cians.  Its  medical  properties  are  those  of  a  tonic  and  anti- 
spasmodic. In  several  deranged  states  of  the  stomach,  as 
shown  in  violent  pain  or  spasms  in  this  organ,  and  in  some 
cases  of  dyspepsia,  it  has  been  found,  in  the  hands  of  sevend 
distinguished  practitioners  both  in  Europe  and  America,  a 
very  valuble  remedy*  Its  medium  dose  is  about  two  grains, 
given  twice  or  thrice  a-day«  In  severe  cases,  it  may  be  given 
in  doses  of  five  grains. 

Of  ahe  remaining  salts  of  oxidized  bismuth,  there  haveSdttofaii 
been  noticed  by  chemists,  the  sulphite,  carbonate,  horate,  ^^^H^ 
phosphate,   arseniate,   moiybdate,   sulphocyanate,  oxalate,  ted. 
succiaate,  acetate,  tartrate,  and  benzoate;  but  these  salts  are 
not  o£  sufficient  importance  to  be  described.  The  rest  of 
the  salts  of  oxidized  bismuth,  amounting  to  48,  are  unr 
known* 

The  salts  of  oxidized  bismuth  may  be  recognised  by  the  That  sen- 
(bttowing  properties  or  marks.  plutwir 

1.  Their  solutions  in  acids  are  usually  colourless;  but 
when  water  is  added  to  them,  a  white  precipitate  makes  its 
appearance. 

2.  Ferrocyanate  (triple  prussiate)  of  potash  occasions  in 
their  solutions,  a  white  precipitate,*sometimes  with  a  shade 
of  yellow. 

3.  Hydrosulphate  (hydrosulphuret)  of  potash  occasions  a 
dark-brown  precipitate. 


SECTION  XXVI. 

SALTS  OF  OXIDIZED  MERCURY. 

Salts  or  Oxidized  Mercury  are  combinations  of  the  Salts  of  oz- 
oxides  of  mercury  with  the  different  acids.  TTie  follow-  J^jJff  JhS" 
ing  are  the  most  important  of  these  salts.  eompoandi. 

Chloric  acid  forms  a  distinct  salt  with  each  of  the  oxides  meniuy 
of  mercury* 


S88  ^^^'"• 

Book  I.  I.  Chlorate  of  iMJ?fc«ry.— -When  chloric  acid  is  poured 
Piviaon  n.  upon  protoxide  of  mercury,  the  latter  becomes  dissolved^ 
forms  two  and,  as  the  solution  proceeds,  this  salt  precipitates  in  the 
lalu  with  form  of  yellowish  grains*  It  is  but  sparingly  soluble  in 
^.  water,  and  has  a  metallic  taste*    When  heated,  it  detonates 

and  gives  out  oxygen,  being  converted  into  perchloride  of 
mercury  (corrosive  sublimate)* 

II.  Perchlorate  of  iHfrrcwry.— Former  chemical  name, 
Hyperoxymuriate  of  ^ercwry.— This  salt  may  be  formed 
by  dissolving  peroxide  of  mercury  in  chloric  acid.  It  always 
contains  an  excess  of  acid*  It  is  pretty  soluble  in  water, 
and  has  a  strong  taste,  resembling  that  of  perchloride  of 
mercury  (corrosive  sublimate).  When  heated  in  a  glass 
tube,  it  yields  a  considerable  quantity  of  oxygen;  and  a 
yellow  matter  remains  behind,  which  appears  to  be  a  mix* 
ture  of  peroxide  of  mercury,  and  the  two  chlorides  of 
this  nnetal  (calomel  and  corrosive  sublimate). 

Uydroehlo-     HI,  Hydrochlorate  of  Mercury • — Hydrochloric  (muria- 
mercnry     ^^^)  ^^^^  ^^^^  "^^  appear  capable  of  combining  with  the 
doet  Dot     oxides  of  mercury*   When  the  attempt  is  made  to  produce 
eust.         ^j^jg  union,  a  double  decomposition  takes  place;  the  hydro- 
gen of  the  acid  combines  with  the  oxygen  of  the  oxide, 
and  forms  water;  while  the  chlorine  of  the  former  unites 
with  the  metallic  mercurv«  and  forms  a  chloride*    The- 
compounds,  formerly  considered  to  be  muriates  (hydro- 
chlorates),    under  the   names   of  calomel   and   corrosive 
sublimate,  are  now  found  to  be  chlorides  of  mercury*  They 
have  been  already  described  under  the  head  of  mercury* 

Oxidized  ,  Sulphuric  acid  combines  in  two  proportions  with  protoxide 
fo^s'^r       °^  mercury,  and  forms  sulphate  and  supersulphate  of 
■alts  with        mercun*;  and  in  two  proportions  also  with  the  peroxide, 
mdpiiurie        forming  persulphate  'and  superperstilphate  of  mercury. 
The  salt  of  each  oxide,  with  excess  of  acid,  will  be  des- 
cribed before  the  neutral  salt. 
1.  Super*        IV*  Supersulphate  of  Mercury. '^Whcn^v\^h}xr\c  z,zii,\% 
^JPjjJf^  boiled  upon  mercury,  and  the  process  stopped  before  the 
whole  of  the  acid  is  driven  off  by  evaporation,  this  salt  is 
obtained  in  the  form  of  a  white  mass,  capable  of  reddening 
vegetable  blues,  possessing  an  acrid  taste,  and  of  different 
degrees  of  solubility,  according  to  the  proportional  excess 
of  acid  which  it  may  contain* 
9.  Sulphate.      V*  Sulphate  of  Mercury. — ^This  salt  may  be  obtained  by 
repeatedly  washing  the  salt,  last  described,  in  small  por- 
tions of  water*  The  excess  of  acid,  which  it  contains,  is 
thereby  separated,  and  it  becomes  reduced  to  the  neutral 
state.   It  may  be  formed   also  by  boiling  sulphuric  acid, 
diluted  with  its  own  weight  of  water,  upon  mercury.  A 
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Bolatkni  u  foimed,  which,  by  proper  evaporation,  may  be  Cbap.  iv. 
made  to  yield  the  salt  in  white  crystals.  It  is  not  altered  by 
exposure  to  air,  but  becomes  decomposed  by  heat.  It  is 
soluble,  without  decomposition,  in  500  parts  of  cold  water, 
and  in  about  287  parts  ol  boiling  water. 

VI.  Superpersulphate  of  Mercury, "^U  the  process  by  which  s.  Saper- 
the  supersulphatc  is  formed  be  not  discontinued  while  there  SIS! 
yet  remains  an  excess  of  acid,  but  the  heat  be  kept  up;  part 
of  the  acid  in  excess  is  gradually  decomposed,  (sulphurous 
acid  being  disengaged),  the  protoxide  of  mercury  combines 
with  an  additional  atom  of  oxygen,  and  there  results  a 
salt,  containing  the  peroxide  with  excess  of  acid.  This  salt 
appears  to  var>'  in  the  proponional  excess  of  acid,  which  it 
may  contain.  When  obtained  at  once  in  the  form  of  a  dry 
mass,  it  has  a  fine  white  colour,  and  is  somewhat  deliques- 
cent. It  contains  considerably  more  than  one  atom  of  acid, 
united  to  an  atom  of  bast. 

VII.  PERSULPHATE  OF  MERCURY. 

(^Yelltnif  Subiulpha$e  •/Mercury,  of  the  Edinburgh  college —-Formerly  called 

Turpeth  MineraL) 

1.  When  the  salt  last  described  is  treated  with  water,  the  4.  Penal- 
excess  of  acid  which  it  contains  is  washed  off,  and  a  neutral  [*^J|!^|^'' 
persulphate  remains  behind.  mineral.   . 

2.  This  salt  is  directed  by  the  Edinburgh  college  to  be  ?"^l*"- 
prepared  by  boiling,  to  dryness,  three  parts  of  sulphuric  ^^i  y^e. 
acid  upon  two  parts  of  mercury;  and  throwing  the  white 
mass  formed,  previously  pulverized,  into  boiling  water.   A 
powder  immediately  appears,  which  consists  of  the  salt  in 
question. 

3.  It  is  generally  supposed,  that  the  treatment  of  the  su- 
perpersulphate  of  mercury  with  water,  separates  this  salt 
into  a  supersalt  remaining  in  solution,  and  a  subsalt,  which 
precipitates;  and  consequently  that  the  turpeth  mineral  is 
a  salt  with  excess  of  base.  But  it  has  been  correctly  as- 
certained, that  the  salt,  from  which  the  turpeth  mineral  is 
precipitated,  is  already  a  supersalt;  and  that  the  effect  of  the 
treatment  with  water  is  merely  to  wash  off  the  excess  of 
acid,  which  it  contains;  whereby  it  becomes  converted  to 
the  state  of  a  neutral  salt,  which,  being  insoluble,  appears 
in  the  form  of  a  precipitate. 

4.  Persulphate  of  mercury,  or  turpeth  mineral,  has  a  lu  proper- 
bright  yellow  colour,  and  a  somewhat  acrid  taste.   It  is^^- 
soluble  in  2000  parts  of  cold  water,  and  in  600  parts  of 
boiling  water.  Its  specific  gravity  is  6*44.  It  is  composed  of 

Sulphuric  acid  40— one  atom. 

Peroxide  of  mercury      216— one  atom. 
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Bosk  I.  5.  This  salt  constitutes  a  very  active  article  of  die  osateria 
DiwmobH.  medica,  and  is  too  much  neglected  by  practitioners  io  the 
Forroian  United  States.  Its  most  prominent  virtue  is  its  strong 
droiue  ™^  emetic  property;  which,  considered  in  connection  with  its 
mercurial,  nature,  would  naturally  lead,  a  priori,  to  the  be- 
lief, that  it  is  a  preparation  of  great  activity.  When  exhibit- 
ed with  a  view  to  its  emetic  effect,  it  occasionally  produces  a 
salivation,  unless  this  event  is  guarded  against  by  the  use 
of  purgatives.  It  is  said  to  be  useful  in  swellings  of  the  tes- 
ticle from  a  venereal  cause,  and  may  be  presumed,  in  such 
cases,  to  act  both  by  its  emetic  and  antisyphilitic  powers.  It 
has  been  employed  also,  with  success,  in  inveterate  dis- 
eases of  the  skin,  and  in  obstinate  glandular  obstructions. 
When  mixed  widi  the  powder  of  liquorice  root,  snuff,  or 
some  similar  substance,  it  forms  a  very  convenient  errhine* 
In  small  doses  of  one  or  two  grains,  it  acts  as  an  alterative- 
Its  dose,  when  exhibited  with  a  view  to  its  emetic  property, 
is  from  two  to  eight  grains. 

Oxidized  Nitric  acid  is  capable  of  combining  with  protoxide  of  mer- 
mitenHito  ^ury,  with  protoxide  of  mercury  and  ammonia,  or  with 
three  ni-  pcroxide  of  mercury;  and,  in  each  combination,  forms  a 
*"***■•  distinct  salt. 

1.  Kutnit  VIII.  Nitrate  of  i)!£>ra/ry.— -Nitric  acid,  without  the 
of merearj.  assistance  of  heat,  is  capable  of  dissolving  very  nearly  its 
own  weight  of  mercury;  an  effervescence  takes  place,  owing 
to  the  emission  of  deutoxide  of  azote  (nitrous  gas),  and 
the  metal  becomes  protoxidized.  The  solution  obtained  is 
colourless,  very  heavy,  and  exceedingly  caustic.  It  tinges 
the  skin  and  sdmost  all  animal  substances,  of  an  indelible 
black  colour.  When  treated  with  water,  it  does  not  separate 
into  a  supersalt  and  a  subsalt.  By  spontaneous  evaporaUon, 
it  yields  transparent  crystals  of  the  nitrate.  When  this  salt 
is  placed  upon  burning  coals,  it  detonates  feebly,  emitting  a 
lively  white  flame.  When  mixed  with  a  little  phosphorus, 
and  struck  with  a  hot  hammer,  a  violent  detonation  takes 
place,  and  the  mercury  is  revived. 

IX.  SUfiWITBATE  OF  MeBCURY.AND.AMMOKIA. 
{JUh-cokurtd  Oxide  rfMnxw}!  «f  the  EduibQi|;h  eolkfle.) 

3.  Ammo-       ^*  "^^^  ^^  ^^  ordered  to  be  prepared  by  the  Edinburgh 
nio-MbDi-    college  by  the  following  process:  Dissolve  four  parts  of 
^*^^^        mercury  in  five  parts  of  dilated  nitrous  acid;  then  gra- 
dually add  fifteen  parts  of  water.  To  the  mixture,  thus 
formed,  add  water  of  carbonate  of  ammonia  as  long  as  any 
precipitate  appears.   The  precipitate,  after  being  separated, 
washed  and  dried,  constitutes  the  triple  salt  in  question. 
2.  This  salt  is  misnamed  an  oadde  by  the  Edinburgh 
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college.  The  solinion  of  mercury,  in  the  nitrous  acid  of  the  Craf.iv. 
colleges,  fornix,  in  fact,  a  solution  of  nitrate  of  mercury;  for  — — 
their  nitrous  acid  is  nitric  acid  holding  deutoxide  of  azote 
(nitrous  gas)  in  solution*  The  addition  of  the  water  of  car- 
bonate of  ammonia  throws  down  a  subnitrate,  combined  with 
a  portion  of  ammonia. 

3.  Subnitrate  of  mercury-and-ammonia,  prepared  by  the  Propertki. 
process  just  given,  is  a  grey  powder.  It  does  not  appear 
perfectly  homogeneous.  Acetic  acid  is  capable  of  dissolving 

a  portion  of  it,  consisting  perhaps  of  protoxide  of  mercury. 
The  white  powder,  which  remains  behind,  may  be  consi- 
dered as  the  pure  subnitrate. 

4.  This  preparation  is  used,  as  a  substitute  for  the  protox-  Uiesinmc- 
ide  of  mercury  prepared  by  trituration,  to  form  a  mercurial  <*>«»«»«• 
ointment;  and  although  much  more  easily  prepared  than  the 
oxide,  it  does  not  appear  to  be  often  employed. 

X  PERNITRATB  OF  MERCUmT. 

1.  When  nitric  acid  is  made  to  act  upon  mercury  by  the  s.  Pemi- 
assistance  of  heat,  a  large  quantity  of  deutoxide  of  azote  ^^^' 
(nitrous  gas)  is  emitted,  and  the  metal  becomes  peroxidized 

and  converted  into  a  yellow  crystalline  mass,  constituting 
this  nitrate.  This  salt  is  acrid  and  corrosive.  When  in  solu- 
tion and  treated  with  cold  water,  it  is  divided  into  a  super- 
salt  wlmich  remains  in  solution,  and  a  subsalt  which  precipi- 
tates in  the  form  of  a  white  powder.  If  the  water  with 
which  the  salt  is  treated  be  hot,  the  same  division  of  it 
takes  place;  but  the  precipitated  portion,  instead  of  being 
white,  is  greenish-yellow. 

2.  Pemitrate  of  mercury,  prepared  in  a  certain  vay  with  Forms  yd- 
hog's  lard,  forms  the  valuable  ointment,  called  yellow,  or  Jj]J„f  ^^i^ 
citron-coloured  ointment.  The  following  is  the  method  pur-  ho^%  Uir4. 
sued  by  the  colleges. 

[l.]  Dissolve  one  part  of  mercury  in  two  parts  of  nitrous 
acid  of  the  shops  by  digestion  in  a  sand  heat.  While  the 
solution,  thus  formed,  is  quite  hot,  add  twelve  parts  of 
hog's  lard,  previously  melted  by  itself,  and  just  beginning 
to  grow  stiff.  The  lard  must  then  be  mixed  intimately  with 
the  nitric  solution,  so  as  to  form  an  ointment.  What  is  called 
the  milder  yellow  ointment  is  prepared  in  the  same  manner, 
there  being  three  times  the  quantity  of  hog's  lard  employed. 

[2.]  The  yeUow  ointment  is  an  active  preparation  of  mer-  Mcdieai 
cury,  well  suited  as  an  application  to  herpes,  tinea  capitis,  j^"^  ^^7®^' 
and  similar  obstinate  cutaneous  affections.  It  is  also  parti-  mint"' 
cularly  efficaeious  in  venereal  blotches,  and  ulcerations.  Its 
chief  inconvenience,  as  an  ointment,  is  its  tendency  to  be- 
come hard  and  pulverulent;  which  is  owing  to  the  excess  of 
acid  used  in  its  preparation.  This  objection  may  be  ob- 
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Book  I.   viated  by  preparing  the  ointment,  by  minng  with  hog's 

Division  II.  |^|^  ^^  subpemitrate  of  mercury,  which  is  precipitated 

from  the  solution  of  the  pemitrate  by  the  addition  of  hot 

water*  When  thus  formed,  it  continues  perfectly  soft,  even 

for  six  months. 

Carbonate       XL  Carbonate  of  Mercury. — Carbonic  acid  does  not  act 
ofmerottiy;  upon  mcrcury;  but  when  a  carbonate  of  potash  or  of  soda  is 
dropped  into  a  solution  of  nitrate  of  mercury,  this  salt  ap- 
pears in  the  form  of  a  white  precipitate. 

XII   PERPHOSPHATB  OF  MERCURY. 


PerphoB 
phate. 


How  pre- 
pared for 
medical 


Qse. 


1.  This  salt  may  be  formed  most  conveniently  by  mixing* 
together  solutions  of  phosphate  of  soda,  and  pernitrate  of 
mercury.    A  double  decomposition  takes  place,  and  per- 
phosphate  of  mercury  becomes  precipitated. 

2.  It  is  directed  to  be  prepared  by  the  dispensatories  in 
the  following  manner.  Calcined  bones  (phosphate  of  lime) 
are  decomposed  by  means  of  diluted  sulphuric  acid;  and, 
after  all  the  sulphate  of  lime  (gypsum)  formed  is  separated, 
the  remaining  superphosphate  is  saturated  with  pure  potash. 
The  liquid  thus  obtained,  by  evaporation,  yields  crystals  of 
phosphate  of  potash.  This  salt  is  then  dissolved  in  water, 
and  decomposed  by  a  solution  of  pernitrate  of  mercury.  A 
precipitate  immediately  appears,  which  must  be  completely 
washed  with  warm  water,  and  slowly  dried;  it  is  now  pure 
perphosphate  of  mercury.  What  remains  in  solution,  after 
the  precipitate  is  separated,  is  nitrate  of  potash  (nitre). 

Properties.  3.  Perphosphate  of  mercury  is  in  the  form  of  a  white 
powder.  Its  specific  gravity  is  4*98.  When  rubbed  in  the 
dark,  it  phosphoresces.  By  distillation,  it  may  be  made  to 
yield  phosphorus. 

4.  This  salt  has  of  late  years  been  introduced  into  the 
practice  of  medicine.  It  has  the  usual  properties  of  the 
mercurial  preparations  for  internal  use,  but  is  far  more  ac- 
tive. It  must,  therefore,  be  exhibited  with  great  caution, 
and  in  small  doses.  Even  in  doses  not  exceeding  half  a 
grain,  it  has  produced  violent  vomiting  and  ptyalisro.  It  is 
said  to  be  preferable  to  all  other  preparations  of  mercury, 
in  certain  cases  of  the  venereal  disease,  occurring  in  patients 
of  torpid  and  insensible  fibres.  It  is  also  said  to  have  been 
found  useful  in  exostosis,  in  obstructions  of  the  lymphatic 
system,  and  in  chronic  complaints  of  the  skin. 

XIII.  Hydrojiuate  of  -M?rcwry.— Hydrofluoric  (fluoric) 
acid  does  not  act  upon  mercury;  but,  by  the  assistance  of 
heat,  it  is  capable  of  dissolving  its  peroxide.  The  solution, 
by  evaporation,  deposites  this  salt  in  small  yellow  crystals. 
It  always  contains  an  excess  of  acid.  By  repeated  a&usions, 


Medwal 
uses. 
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Bearly  all  the  acid  may  be  washed  away,  leaving  scarcely  Ciap.iy. 
any  thing  behind  but  the  peroxide.  " 

XIV*  Hydrocyanate  of  Mercury^^^ThiB  salt  does  not  ex-  HydroejA- 
ist.  When  ptroxide  ot  mercury  is  heated  in  hydrocyanic  acid  ^^'  ^ 
vapour,  a  violent  action  takes  place;  much  heat  is  evolved,  doe*  m 
and  the  compound  is  destroyed.  When  the  same  acid  vapour  ^^""^ 
is  brought  in  contact  with  the  peroxide,  it  becomes  absorb- 
ed; and  a  compound  is  formed,  which,  by  being  heated, 
gives  out  water  in  a  state  of  vapour,  and  is  converted  into 
the   substance  usually  called  prussiate  of  mercury.   This 
substance,  however,  is  in  reality  a  cyanodide  of  mercury; 
since  the  water  which  appears  is  evidently  the  result  of  a 
mutual  decomposition  between  the  acid  vapour  and  the 
peroxide.    Now  a  similar  decomposition   is  supposed  t6 
occur,  whenever  the  attempt  is  made  to  form   a  h)-dro- 
cyanate.  Hence,  therefore,  the  compounds,  usually  called 
prussiates,  are  in  fact  cyanodides. 

Acetic  acid  forms  a  distinct  salt  with  each  of  the  oxides  of  Oxidized 
mercury.  inetcuiy 

XV.  ACETATE  OP  MERCURY.  Su  ^1^** 

1.  This  salt  may  be  prepared  by  mixing  together  the  so- M^i« '^«<<L 
lutions  of  nitrate  of  mercury  and  acetate  of  potash,  and  ofm^^. 
setting  the  mixture  aside  to  crystaUize.  In  this  case,  a 
double  decomposition  t^kes  place,  which  results  in  the  for- 
mation of  acetate  of  mercur}*  and  nitrate  of  potash.  The 
former  being  much  less  soluble  than  the  latter,  enables  the 
operator  to  separate  it  by  crystallization. 

2.  Acetate  of  mercury  is  in  the  form  of  crystals,  possess- 
ing a  silver-white  colour,  and  an  acrid  taste.  It  is  but  spa- 
ringly soluble  in  cold  water,  but  dissolves  readily  in  boiling 
water. 

3.  This  acetate  is  sometimes  employed  in  medicine,  and  Used  mm«« 
has  a  place  in  the  dispensatories.  It  is  highly  probable,  that  *''T|?JlJ 

it  claims  no  superiority  over  the  preparations  of  mercury  in 
common  use. 

XVI.  Peracetate  q/*JMercwry.— When  peroxide  of  mer-s.Peniee- 
cury  is  treated  with  acetic  acid,  it  is  dissolved;  and  the^^^ 
solution,  when  evaporated  to  dryness,  forms  a  yellow  deli- 
quescent mass,  which,  when  treated  with  water,  divides  into 
a  supersalt  remaining  in  solution,  and  a  subsalt,  which  pre- 
cipitates. 

Of  the  remaining  salts  of  oxidized  mercury,  there  have  saiu  o^ 
been  more  or  less  examined  by  chemists,  the  hydrosulphate,  oxidized 
selenate,  borate,  arseniate,  chromate,  molybdate,  tungstate,  ^ii^S[' 
sulphocvanate,  purpurate,  oxalate,  succinate,  tartrate,  po- 

3  D 
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Book  I.   tasso-tsutrate,  benzoatef  sadactate,  citrate,  mellate,  malate, 
Diyjaion  II.  lactate  and  zucnate;  but  these  salts  arc  of  too  little  im- 
portance to  be  noticed.  The  rest  of  the  salts  of  oxidized 
mercury,  amounting  in  number  to  37,  are  unknown. 

Their  ge-       The  salts  of  oxidized  mercury  may  be  distinguished  by 
pcrSLr^  the  following  properties  or  marks. 

1.  When  strongly  heated,  they  are  generally  volatilized. 

2.  Perrocyanate  of  potash,  dropped  into  their  solutions, 
occasions  a  whitish  precipitate,  which  becomes  yellow  upon 
exposure  to  the  air. 

3.  Hydrosulphate  (hydrosulphuret)  of  potash  occasions  a 
black  precipitate. 

4.  When  a  plate  of  copper  is  placed  in  their  solutions, 
the  mercury  is  revived. 


SECTION  XXVII. 

SALTS  OF  OXIDIZED  SILVER. 

Salts  of  OKI-  Salts  or  Oxidized  Silver  are  combinations  of  the  oxide 
dixed  ui-  ^f  silver  with  the  diiFerent  acids.  The  following  are  the 
eompounds.     most  important  of  these  compounds. 

CMonte  of     I.  Chlorate  of  Silver. "^Former  chemical  name.  Hyper* 
siiTer.        oxtf  muriate  of  Silver*^— This  salt  may  be  formed  by  dissolv- 
ing oxide  of  silver  in  chloric  acid.  It  is  in  the  form  of  opaque 
crystals,  which  are  soluble  in  water. 
Hjdrocliio-     II.  Hydrochlorate  of  Silver  does  not  exist.   When  the 
nteof  sU-  attempt  is  made  to  form  this  salt,  water  and  chloride  of 
aoteiiit    silver   (horn  silver)  become  formed.   This  chloride  was 
formerly  called  muriate  of  silver,  from  a  wrong  notion  of 
its  chemical  composition. 

III.  Jo  date  of  Silver.'^'When  the  solutions  of  nitrate  of 
silver  and  iodate  of  potash  are  mixed  together,  a  double  de- 
composition takes  place,  and  this  salt  falls  in  the  form  of  a 
precipitate. 

IV.  Sulphate  of  Silver.^Svlphunc  acid,  while  cold,  does 
not  act  upon  silver;  but  in  a  boiling  temperature,  it  attacks 
this  metal  when  reduced  to  the  state  of  powder,  the  action 
being  attended  by  the  extrication  of  sulphurous  acid  gas, 
and  converts  it  into  a  white  mass,  soluble  in  diluted  sulphu- 
ric acid.  This  solution  is  colourless,  and  yields,  upon  eva- 
poration, the  salt  in  question  in  the  form  of  brilliant  white 
crystals.  This  salt  is  but  sparingly  soluble  in  water.  It  dis- 
solves in  nitric  acid  without  decomposition.  When  heated. 
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it  first  melts,  and  afterwards  is  decomposed  into  silver,  sul«  Cbap.iV. 
pharoas  acid  and  oxygen  gas.  '  "' 

V.  NITRATE  OF  SILVER. 

(Common  name,  Luncar  Cauttic.) 

1*  Nitric  acid  acts  readily  upon  silver,  and  dissolves  Nitrate  cf 
about  half  its  weight  of  this  metal.  The  solution  is  attended  *^*^^'*»  ^ 
by  effervescence,  owing  to  the  disengagement  of  deutoxide  tie. 
of  azote  (nitrous  gas).  The  nitric  acid  ought  to  be  perfectly 
pure*  If  it  contain  hydrochloric  (muriatic)  acid,  as  the  ni- 
tric acid  of  commerce  always  does,  then  a  chloride  of  silver 
Shorn  silver)  appears  in  the  form  of  a  white  insoluble  pow- 
er.   It  is  by  means  of  a  solution  of  nitrate  of  silver,  that 
manufacturers  of  nitric  acid  are  enabled  to  separate  any 
hydrochloric  acid,  with  which  their  acid  may  be  mixed.  The 
nitric  solution  of  silver  is  colourless,  and  exceedingly  heavy 
and  caustic.    When  evaporated  until  a  pellicle  begins  to 
form  on  its  surface,  nitrate  of  silver  is  deposited  in  the 
form  of  brilliant  crystals. 

2.  The  colleges  direct  this  salt  to  be  formed  by  dissolv- lu  prepa- 
ing  pure  silver  in  diluted  nitrous  acid  of  commerce,  and  ^^'J^' 
evaporating  the  solution  to  dryness.  The  dry  mass  is  next  use. 
exposed,  in  a  crucible,  to  a  heat  gradually  increased,  until 

it  melts  and  flows  like  oil.  It  is  then  poured  into  cylindrical 
iron  moulds,  which  are  previously  anointed  with  tallow, 
and  heated. 

3.  Nitrate  of  silver  is  soluble  in  its  own  weight  of  cold  Its  proper 
water.  It  is  not  deliquescent  in  the  air;  but  when  exposed  ^^' 

to  a  strong  light,  the  silver  is  in  part  deoxidized.  When 
heated,  it  melts,  and  when  cool,  it  forms  a  grey  coloured 
mass,  crystallized  internally  in  needles.  It  is  only  after  fu- 
sion, that  it  is  employed  in  medicine  and  surgery.  When 
exposed  to  a  red  heat,  or  placed  upon  burning  coals,  it 
detonates,  and  the  silver  is  revived.  It  has  the  property  of 
detonating  also,  when  mixed  with  phosphorus  and  struck 
with  a  hammer.  Most  of  the  metals,  particularly  mercury 
and  copper,  are  capable  of  precipitating  the  silver  from  i^  , 
solution  in  the  metallic  state.  It  is  composed  of 

Nitric  acid  54— one  atom. 

Oxide  of  silver        1 18— one  atom. 

172 

4.  Nitrate  of  silver  is  a  very  important  salt  in  the  hands  Usetmsoc- 
of  the  surgeon.  Its  property  of  decomposing  animal  sub-  S«t7> 
stances  renders  it  useful  in  removing  fungous  excrescences 

and  callous  edges  of  ulcers,  and  for  destroying  strictures 
of  the  urethra.  It  is  the  most  manageable  caustic  emph^yed 
by  surgeons;  and,  for  the  purposes  just  enumerated  and 


396  sALTa. 

Book  I.   many  others,  no  other  cauBtic  can  be  used  with  eqnaA  ad- 
DitiMonlL  vantage^  la  the  form  of  a  weak  solution^  it  is  a  good  stima- 

lating  application  to  indolent  ulcers, 
andiome-  ^t  has  been  employed  internally  for  the  cure  of  epilepsy, 
dioine.  and  some  other  diseases.  It  must  be  admitted  that  it  is  an 
active  substance;  but  how  far  it  may  be  suited  to  the  treat- 
ment of  epilepsy,  requires  to  be  more  satisfactorily  ascer- 
tained. Its  dose  is  one-fourth  of  a  grain,  repeated  several 
times  a  day,  and  gradually  increased. 

Anenite  of  VI.  Ars  enite  of  «f{/ver.-— When  a  solution  of  nitrate  of 
iilTor.  silver  is  dropped  into  a  solution  containing  arsenious  acid^ 
this  salt  falls  in  the  form  of  a  yellow  precipitate,  which  af- 
terwards becomes  of  a  brown  colour.  The  property,  which 
the  oxide  of  silver  possesses,  of  combining  with  arsenious 
acid,  whenever  it  mi-ets  with  the  latter,  has  suggested  the 
-^  employment  of  nitrate  of  silver  for  the  detection  of  this 
deleterious  substance. 

VII.  Hydrofiuate  ofSther^-^UsMaX  chemical  name,  Fiuate 
©/".yife^r.— Hydrofluoric  (fluoric)  acid  has  no  action  on  me- 
tallic silver;  and  hence  silver  may  be  conveniendy  used  in 
vessels  for  containing  this  acid;  but  it  readily  dissolves  the 
oxide  of  silver.  The  hydrofiuate,  thus  formed,  has  a  strong 
metallic  taste,  and  is  very  soluble  in  water.  It  does  not 
crystallize. 

Mil  of  OK-  Of  the  remaining  salts  of  oxidized  silver,  there  have  been 
w^'it-  ^^^^  ^^  ^^^  described  by  chemists,  the  sulphite,  selenate^ 
ted!  '  nitrate,  carbonate,  borate,  phosphate,  arseniate,  chromate^ 
molybdate,  sulphocyanate,  purpurate^  oxalate,  succinate, 
acetate,  tartrate,  potasso-tartrate,  benzoate,  saclactate,  ci« 
trate,  mellate,  msdate,  lactate  and  zumate;  but  these  salts 
possess  too  litde  interest  to  be  noticed.  The  rest  of  the 
salts  of  oxidized  silver,  amounting  in  number  to  35,  are 
unknown. 

Their  gen.      The  salts  of  oxidized  stiver  may  be  distinguished  by  the 
^^^     following  properties  or  marks. 

1.  When  exposed  to  the  action  of  the  blow-pipe  upon 
burning  charcoal,  they  are  decomposed,  and  a  globule  of 
silver  is  obtained. 

2.  Ferrocyanate  of  potash  occa^ons,  in  their  solutions,  a 
white  precipitate.  % 

3.  Hydrosulphate  (hydroaulphuret)  of  potash  occaaions  a 
black  precipitate. 

4.  Hydrochloric  (muriatic)  acid,  or  the  chlorides  of  po- 
tassium or  of  sodium  occasion  a  white  htSLvy  flaky  precipi- 
tate, resembling  curd.  This  precipitate  is  chloride  of  silvet 
(horn  silver). 


SALTS  OP  OSOmZSD  GOLD.  ^f 

5«  A  soltttMn  of  sulphate  of  iron  precipitates  the  silver  CtAg.iT. 
ia  tht:  metallic  state  from  solutioas  of  these  salts*  ' 

6.  A  plate  of  copper^  placed  in  their  solutions^  precipi- 
tates the  silver  in  the  metallic  state. 


SECTION  XXVIIL  , 

SALTS  OF  OXIDIZED  GOLD. 

Salts  ov  Oxidized  Gold  are  combinations  of  the  per*8aite«raK- 
oxide  of  gold  with  the  different  acids.  Unless  there  exists  ^|^  P^^ 
a  simple  hydrochlorate  of  gold,  which  is  very  doubtful,  poondi. 
the  protoxide  of  gold  enters,  as  a  constituent,  into  no 
salt*  Only  three  of  these  salts  are  certainly  known:  they 
are  the  following.  _ 

L  PERHTDROCHLORATE  OF  GOLD. 
(UfOAl  ohemioal  Atme^  Muriate  ofQM,) 

1.  When  a  mixture  of  one  part  of  nitric  acid  and  four  Perhjdro- 
parts  of  hydrochloric  acid  is  poured  upon  gold,  the  metal  i^*^  ^ 
is  immediately  attacked,  the  action  being  attended  with 
effervescence,  owing  to  the  disengagement  of  deutoxide  of 

azote  (nitrous  gas).  The  solution  formed  is  of  a  deep  yellow 
colour.  It  has  the  property  of  tinging  the  skin,  as  well  as 
almost  all  animal  and  vegetable  substances,  of  a  deep  pur- 
ple colour.  When  evaporated,  perhydrochlorate  of  gold  is 
deposited  in  crystals,  possessing  a  fine  yellow  colour. 

2.  This  salt  is  exceedingly  deliquescent.  Its  taste  is  acrid  Its  pro|»er- 
and  somewhat  bitter,  but  not  in  the  least  metallic.  When  ^^- 
heated,  it  gives  out  chlorine,  and  is  converted  into  a  straw- 
coloured  mass,  which  is  supposed  to  be  the  simple  hydro- 
chlorate.  It  is  decomposed  by  the  alkaline  salifiable  bases, 
peroxide  of  gold  being  precipitated  in  the  form  of  a  yellow 
powder;  but  ammonia,  potash  or  soda,  if  added  in  sufficient 
quantity^  re-dissolves  this  precipitate,  and  forms  a  triple 

salt.  It  is  decomposed  also  by  most  of  the  metals,  and  the 

£ld  thrown  down,  either  in  the  metallic  state,  or  in  the 
rm  of  a  purple  powder.  When  iron,  zinc,  copper,  bis- 
muth, or  mercury  is  plunged  into  its  solution,  the  gold  is 
precipitated  ins  the  metallic  state.  The  gold  is  precipitated 
in  the  form  of  a  purple  powder  by  lead,  tin  or  silver.  It  ia 
precipitated  also,  from  the  solution  of  this  hydrochlorate, 
by  means  of  sulphate  of  iron,  which  becomes  converted 
into  a  persulphate;  but  no  effect  is  produced  by  the  persul- 
phate of  iron  ready  formed.  By  a  similar  action,  hydrochloi- 
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Book  I,  rate  of  tm  throws  down  protoxide  of  g<dd,  combined  with 
^JMtkmn.  peroxide  of  tin;  the  tin  being  peroxidized,  and  the  gqki  re- 
It  is  preei-  duced  to  the  state  of  protoxide,  by  a  transfer  of  oxygen 
P  d^^^^  from  the  latter  to  the  former*  This  compound  oxide  is  the 
nte  of  tiB,  purple  precipitate  of  Cassius,  and  is  used  to  fpve  a  red  colour 
the  pmiiii.  to  porcelain  and  glass.  On  the  other  hand,  the  perhydro- 
tii«  pmfe  ehlorate  of  tin  has  no  effect  on  the  solution  of  the  perhydro- 
povder  of  chlorate  of  gold;  as  the  oxide,  which  it  contains,  is  already 
^^*^*^      combined  with  a  maximum  of  oxygen,  and  is,  therefore, 

incapable  of  reducing  the  gold  to  the  state  of  protoxide. 
Propoted        3.  Different  preparations  of  gold  have  been  proposed  by 
wrrSsSSt'  ^^*  Chrestien  as  antisyphilitic  remedies.  The  use  of  the 
remcdj.     peroxide  with  this  view  has  already  been  noticed*  Besides 
this  oxide,  Dr.  Chrestien  has  proposed  the  perhydrocUo- 
rate  just  described   combined  with  chloride  of    sodium 
(common  salt),  the  purple  powder  of  Cassius,  and  the  «m- 
moniated  oxide*  All  of  them  were  employed  by  friction  on 
the  tongue,  cheeks  and  gums.  The  preparation  of  the  perhy- 
drochlorate  is  by  far  the  most  active  of  those  which  he  em- 
ployed, and  was  prescribed  by  him  in  doses  of  from  -^th  to 
^th  of  a  grain,  mixed  with  starch  or  charcoal. 

Penoi-  II.  Persulphate  of  Gold. — When  peroxide  of  gold  is  treat- 

P^^  ^  ed  with  warm  sulphuric  acid  diluted  with  water,  a  solution 
of  this  salt  is  formed,  having  a  yellow  colour  and  a  very 
styptic  taste,  and  always  containing  an  excess  of  acid. 
Peniitnte.  Ill*  Pemitrate  of  Gold.'^When  concentrated  nitric  acid 
is  poured  upon  peroxide  of  gold,  it  is  dissolved;  and  there 
is  formed  a  solution  of  this  salt,  possessing  a  brown  colour, 
&nd  containing  an  excess  of  acid.  When  treated  with  water, 
the  peroxide  is  precipitated. 

The   remaining  salts   of  oxidized  gold,   amounting  in 
number  to  60,  are  unknown. 

S£lrl^'     The  salts  of  oxidized  gold  may  be  distinguished  by  the 
lM»|^k,£^,^  following  properties  or  marks. 

1.  Their  solutions  in  water  have  a  yellow  colour* 

2.  Ferrocyanate  of  potash  occasions  a  white  or  yellowish- 
white  precipitate,  when  poured  into  their  solutions* 

3.  A  plate  of  tin  or  hydrochlorate  of  tin  occasions  the 
purple  precipitate  of  Cassius. 

4.  Sulphate  of  iron  throws  down  the  gold  in  the  metallic 
state. 
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SECTION  XXIX. 

SALTS  OF  OXIDIZED  PLATINUM.  . 

Salts  or  Oxidized  Platinum  are  combinations  of  thesiduorofi. 
oxides  of  platinum  with  the  different  acids.  Two  only  of  jj»«*  v^ 
these  salts  will  be  described.  wfaMTcom- 

I.  Perhydrochlorate  of  Plattnum.'^U^MA  chemical  name,  p^-^j^,^ 
Muriate  of  Platinunu^^Whcn  sixteen  parts  of  a  mixture,  chlorate  of 
composed  of  one  part  of  the  strongest  nitric  acid  and  three  pl*^«^* 
parts  of  hydrochloric  acid,  are  boiled  upon  one   part  of 
platinum,  the  solution  of  the  metal  is  gradually  effected, 

being  attended  with  a  violent  effervescence.  The  solution 
formed  is  at  first  of  a  yellow  colour,  which  gradually  deep- 
ens until  it  becomes  of  a  deep  red.  It  is  exceedingly  acrid 
and  caustic,  and  tinges  the  skin  of  an  indelible  dark^-brown 
colour.  When  sufficiendy  concentrated  by  evaporation,  per- 
hydrochlorate of  platinum  is  deposited  in  the  form  of  crys- 
tals of  a  reddish-brown  colour.  This  salt  has  a  disagreeable, 
astringent,  metallic  taste^  When  cautiously  heated  nearly 
to  redness,  it  is  converted  into  perchloride  of  platinum.  If 
the  heat  be  still  farther  increased,  the  chlorine  is  driven 
off  and  nothing  remains  but  the  pure  platinum. 

II.  Sulphate  of  Plattnum.'^-'This  salt  may  be  obtained  by  Soiphate  ni 
boiling  to  dryness,  in  nitric  acid,  the  black  powder  precipi-  platmuni. 
tated  from  a  solution  of  platinum  in  hydrochloric  acid  as** 

sisted  by  nitric  acid,  by  means  of  hydrosulphuric  acid  gas, 
passed  through  it  in  a  stream.  This  black  powder  is  a  sul- 
phuret  of  platinum,  mixed  with  hydrosulphuric  acid  and 
sulphur*  When  it  is  boiled  to  dryness  in  nitric  acid,  the  sul- 
phur becomes  acidified,  and  the  platinum  oxidized,  where- 
by it  is  converted  into  a  sulphate  of  platinum.  This  salt 
18  in  the  form  of  a  porous  crust,  of  a  dark-brown  colour, 
approaching  to  black.  It  is  brittle  and  easily  reduced  to 
powder.  Its  taste  is  acid,  metallic  and  somewhat  caustic* 
It  has  the  property  of  slightly  reddening  vegetable  blues# 
It  is  very  deliquescent,  and  consequently  very  soluble  in 
water.  The  sulphuric  acid  cannot  be  separated  from  it  by 
the  usual  methods,  owing  to  the  tendency  which  it  pos- 
sesses of  forming  triple  salts  with  most  of  the  alkaline  Forms  trj- 
and  earthy  salifiable  bases.  When  heated  to  redness,  it  is  pl^®  x^^ 
entirely  decomposed;  oxygen  and  sulphurous  acid  being 
disengaged,  and  a  strong  fuming  sulphuric  acid,  obtained. 
The  residuum  consists  of  pure  platinum. 

The  following  are  the  triple  salts  which  this  sulphate  is 
capable  of  forming;  namely,  the  ammonio-sulphate,  potasso- 
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Boost   sulphate,  soda-sulphate,  baryto-sulphate  and  alutnino-sul- 
Pivbkm  11.  phate*  These  compounds,  however,  arc  purposely  omitted, 
as  being  of  too  little  importance  to  be  described.  The. rest 
of  the  salts  of  oxidized  platinum  are  unknown* 

General         Xhe  salts  of  oxidized  platinum  may  be  distinguished  by 
of^SeMitt  the  following  prpperties  or  marks* 

cfoxidned  .  1,  Their  solutions  in  water  have  a  brown  or  ayellowish- 
»"'«*««•    brown  colour. 

2*  Ferrocyanate  of  potash  occasions  no  precipitate  in  their 
solutions* 

3*  Ammonia  and  potash  occasion  the  precipitation  of  small 
orange-coloured  crystals* 

4»  Hydrosulphuric  acid  gas  occasions  a  black  precipitate* 


SECTION  XXX. 


SALTS  OP  OXIDIZED  PALEADIUM. 


SaHi  of  («.  Salts  of  Oxidized  Palladium  are  combinations  of  the 
UdiamT*'  oxide  of  palladium  with  the  different  acids*  Only  three  of 
what  com-      these  compounds  will  be  noticed* 

^droobio-     I.  Hydrochlorate  of  PalUuBum. — ^Usual  chemical,  name, 

JJ^^  P*>-  Muriat€  of  PoZb^mm*— -Hydrochloric  acid,  cfcn  whem  att 
aisted  by  heat,  acts  but  slowly  upon  palladiun^  but  by  the 
assistance  of  nitric  acid,  it  dissolves  the  metal  with  great 
violence,  and  forms  a  red  solution  containing  this  salt* 

Besides  this  simple  salt,  hydrochloric  acid  and  oxide  of 
palladium  form  three  triple  salts,  by  combining  with  either 
ammonia,  potash  or  soda*  But  these  salts  are  not  of  sufficient 
importance  to  be  noticed* 

Sulphate.  II*  Sulphaie  o/*  Pa//tu/it/ifi*— Sulphuric  acid,  when  bcnled 
upon  palladium,  dissolves  a  small  portion  of  the  metal^  and 
assumes  a  beautiful  red  colour*  The  properties  of  the  sul- 
phate, which  is  thus  formed,  have  not  been  examined* 

NHnte.  Ill*  Nitrate  of  Paliadium^'^StTong  and  colourleaa  nitric 
acid  acts  but  feebly  upon  palladium^  no  deutoside  of  azote 
(nitrous  gas)  is  extricated,  and  it  gradually  aasunes  a  red 
colour*  When^  however,  the  acid  contains  deutoaide  of 
azote,  the  action  is  much  more  rapid*  The  solution  form* 
ed,  by  evaporation,  yields  a  red  mass  consisting  of  this 
salt* 

The  remaining  salts  of  oxidized  palladium  are  unknown. 

<^«j|g         The  salts  of  oxidized  palladium  may  be  distinguished  by 
Sf^S^al^  the  following  properties  or  marks* 
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1*  They  are  sfanost  all  insolable  in  water*  Their  tolmions  QHiy.iY, 
in  actds  have  a  fine  red  colour*  *  of  oxidized 

2.  Fcrrocyanate  of  potash  occasions  a  dirty  yellow-brown  palladium, 
precipitate,  when  dropped  into  their  solutions* 

3.  .Hydrosulphate  of  potash  occasions  a  blackish-brown 
precipitate. 

4f  Ammonia,  potash  or  soda  occasions  an  orange-colour- 
ed precipitate* 

5.  M crcur>'  and  sulphate  of  iron  throw  down  the  palla- 
dium in  the  metallic  state. 


SECTION  xxxr.  ^ 

SALTS  OF  OXIDIZED  RHODIUM. 

Saxts  of  Oxidized  Rhodium  are  combinations  of  per*  Saita of  ou- 
oxide  of  rhodium  with  the  different  acids.  The  deutoxide  ^l"^  ^^ 
IS  not  known  to  be  a  salifiable  base,  and  it  is  doubtful  MNDomra^^ 
whether  tht-  protoxide  enters  into  the  composition  of  any 
salt*  Only  three  of  these  salts  will  be  described* 

I*  Perhydrochhrate  of  Shodktm.'^'Pcrosidt  of  rhodium  Perhydro-' 
dissolves  in  hydrochloric  acid,  and  forms  a  rose-coloured  ^^^  ^ 
solution,  which  does  not  cr}'staUize.  When  h^drochlorate 
of  ammonia  (sal  ammoniac)  or  nitrate  of  potash  (fiitre)[  is 
added  to  this  8olution«  no  precipitate  appears;  bot  a  triple 
irit  is  formed  with  ammonia  or  potash,  according  to  the 
substance  added. 

II.  Persulphate  of  Jthodium.'^^yfhen  hydrosulphate  (hy-  Penal- 
droftulnhuret;  of  ammonia  is  mixed  with  the  compound  of  phate. 
chlorioe  of  sodium  and  peroxide  of  rhodium,  a  sulphuret  of 
rhodium  precipitates.  When  fuming  nitric  acid  is  boiled  to 
dryness  upon  this  sulphuret,  it  becomes  changed  into  a 
persulphate.  This  salt  deliquesces  in  the  air,  and  assumes  a 

red  colour.  When  dissolved  in  water  and  evaporated,  it  is 
converted  into  a  S)rrupy9  orange-coloured  mass. 

III.  Permtrate  of  Rhodiuntn^^Pcroxide  of  rhodium  dis- Pernkrat*. 
solves  in  nitric  acid,  and  forms  a  red  solution,  which  does 

not  crystallize. 

The  rest  of  the  salts  of  oxidized  rhodium  are  unknown.  SaftAofosi- 

The  salts  of  oxidized  rhodium  may  be  distinguisbed  hy  ^„  {^ 
the  following  propertica  or  marks.  koowo. 

1.  Their  solutions  in  water  are  red. 

2.  Neither  fcrrocyanate  nor  hydrosulphate  of  potash  oc« 
oasion  any  precipitate  in  their  solutions. 

3  £ 
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Book  t       3«  Ammonia,  potash  or  aoda  throws  down  from  their  so- 
PiTigoolt  lutioas  a  yellowish  powder,  soluble  inezci:58  of  these  alkaline 
bases* 


SECTION  XXXIL 

SALTS  OF  OXIDIZED  IRUHUBL 

Salts  of  OKI.  These  salts  have  heretofore  been  but  very  imperfectly 
dized  iridi.  examined:  the  only  one  which  has  been  formed  is  the  hy- 
^"^  drochlorate.   They  may  be  recognised  by  the  following 

marks. 

1.  They  are  soluble  in  water.  The  solution  is  at  first  green, 
but  afterwards,  by  concentration  in  the  open  air,  becomes 
red. 

2.  Their  solutions  are  rendered  colourless,  when  ferrocy- 
anate  of  potash,  or  infusion  of  nut-galls  is  dropped  into 
them. 


SECTION  XXXIII. 

SALTS  OP  OXIDIZED  OSMIUM. 

Siiuofwi-     It  has  already  been  mentioned,  that,  strictly  speaking, 
^^^^^*the  oxide  of  osmium  is  not  a  saUfiable  base,  and  conse- 
■triedj       quendy  that  no  such  compound  as  a  salt  containing  tlus 
22|^&    oxide  is  known  to  exist.    But  it  is  reasonable  to  suppose, 
that  it  is  unknown  as  a  salifiable  base,  not  because  it  is  in- 
capable of  forming  salts,  but  in  consequence  of  the  imperfect 
manner  in  which  its  chemical  relauons  have  been  invest!- 
g<ited. 


SECTION  XXXIV. 

SALTS  OF  OXIDIZED  TtrAMIUM. 

SritiQrori.THESs  salts  are  combinations  of  the  protoxide  or  peroxide 
fs!^.^*      of  titanium  with  different  acids.  The  deutoxide  is  not 

Aiams  What  ,  .  .  -  %      ^-s.  % 

oooipoiiiMU     known  to  enter  into  the  composition  of  any  salt.  Only 
four  of  these  compounds  will  be  noticed. 

I.  Perhydrochhrate  of  Tf^anmm.— Usual  chemical  name, 
Muriate  oj  Tf^anium.— Hydrochloric  acid  has  no  action  on 
deutoxide  of  tiunium;  but  it  dissolves  readily  the  percar- 
bonate. 
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IL  Sulphate  of  Tifonium.— -Boiling  sulphuric  acid  has  Cbap.iv. 
no  action  upon  (ieutoxide  of  titanium;  but  it  oxidizes  and 
dissolves  a  portion  of  metallic  titanium.  The  solution,  when 
evaporated,  is  converted  into  a  white,  opaque,  gelatinous 
mass. 

III.  PermtrateofTitanium,'^VIitr\c  acid  exerts  no  action 
upon  deutoxide  of  titanium,  and  scarcely  any  on  the  metal 
itself;  but  it  dissolves,  by  the  assistance  of  heat,  the  per- 
carbonate  of  titanium.  The  solution,  when  evaporated,  yield? 
transparent  crj^stals  of  this  nitrate. 

i V.  Percarbonate  of  Tifanwm.— This  salt  may  be  form- 
ed by  melting  together  one  part  of  deutoxide  of  titanium, 
and  six  parts  of  carbonate  of  potash,  and  washing  the  mass 
formed  completely  with  water.  A  white  powder,  with  a 
slight  red  tinge,  is  left  behind  undissolved,  which  consists 
of  the  percarbonate. 

The  rest  of  the  salts  of  oxidized  titanium  are  unknown. 

The  salts  of  oxidized  titanium  may  be  known  by  the  fol-  Their  dii- 

lowing  characters.  SSl^iaf 

1.  They  are  generally  colourless,  and,  in  some  degree, 
soluble  in  water. 

2.  Carbonate  of  potash  or  of  soda  occasions  a  white  flaky 
precipitate  in  their  solutions. 

3.  Ferrocyanate  of  potash  occasions  a  grass^green  preci* 
pitate,  mixed  with  brown. 

4.  Hydrosulphate  of  potash  occifiions  a  dirty  grass-green 
precipitate. 

5.  Infusion  of  nut-gaHs  occasions  a  very  bulky  reddish- 
brown  precipitate. 


SECTION  XXXV. 

SALTS  OF  OXIDIZED  ANTIMONY. 

The  reader  has  already  been  informed,  that  of  the  three  sduofoxu 
compounds  formed  by   antimony  wit!i  oxygen,   that  one  *^***  ■"*'" 
only,  which  contains  the  least  oxygen,  is  a  salifiable  base.  w£f  ooa- 
The  other  two  are  acids,  and,  according  to  the  quantity  pounds. 
of  oxygen  which  they  contain,  are  distinguished  by  the 
names  of  antimonious  and  antimonic  acids.  It  is  this  cir- 
cumstance of  the  different  agency  of  these  compounds,  in 
the  formation  of  salts,  which  has  led  to  the  classification  of         * 
antimony  as  an  intermediate  combustible.  The  salts  to  be 
described  here  are  accordingly  compounds  of  the  oxide  of 
antimony  with  the  different  acids. 
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BkKML  L  Oxide  of  aotimooy  it  not  known  to  oombiiie  with  sntphnric 
PkwieB  II.  acid;  but  with  hydrosulphuric  acid  (sulphuretted  hydco- 
Oxide  of         gco),  it  forms  hydrosuipluiU:  of  antimony. 

tntimoiij 

combiiiet 

vithb>4io- 

•olpborie 

•cad,  form- 

iDC  hydit)- 

mlphateof 


L  HTDROSULPHATE  OP  ANTIMONY. 


(Umd  chemical  nme,  J^dnmi^kure$  tfA/Ubmeuf.^Bmm 

Suiphur,  of  the  «nibhii  college.— CommOB  oame,  Kenmet  MmeraL) 


Its  prepe- 
imtioii  for 
medical 


U  When  hydrosulphate  of  ammonia  or  of  potash  is  drop- 
or  kerSu  P^^  '^^^  ^^  ^^'^  solution  of  antimony,  this  salt  precipitates 
in  the  form  of  a  beautiful  orange- coloured  powder. 

2*  It  is  directed  to  be  prepared  by  the  Dublin  college  by 
the  following  process:  Melt  together  equal  parts  of  prepar- 
ed sulphuret  of  antimony  and  carbonate  of  potash  in  a  cru- 
cible; and  when  the  m<tss  is  cool^  reduce  it  to  powder,  and 
then  boil  it  in  a  glass  vessel  with  forty  times  its  weight  ct 
water  for  an  hour.  The  vessel  is  then  taken  off  the  fire,  and 
as  soon  as  the  liquor  ha»  become  clear,  it  is  cautiously  de- 
canted and  set  aside  to  cool.  During  the  cooling,  the  hy- 
drosuMiate  is  deposited  in  the  form  of  a  powder. 

3.  The  manner  in  which  the  hydrosulpluite  is  fbrmedi  in 
the  foregoing  process,  is  thus  explained.  Upon  fusing  to- 
gether carbonate  of  potash  and  sulphuret  of  antimony,  cai^ 
bonic  acid  is  disettgaged,  and  the  mass  obtained  is  a  mixture 
of  the  sulphurets  of  antimony  and  of  potash.  Water,  by 
being  boiled  upon  the  mixed  sulphurets,  becomes  decom- 
posed; its  oxygen  oxidizes  the  antimony,  while  its  hydrogen 
converts  the  snlphur  into  hydrosulphuric  acid.  Part  of  the 
acid,  thus  formed,  combines  with  the  oxide  of  antimony^ 
while  the  remainder  unites  with  ihe  potash;  so  that  the 
mixed  sulphurets  become  a  mixture  of  hydrosulphate  of 
antimony  and  hydrosulphate  of  potash.  Now  the  former  of 
these  salts  is  soluble,  at  the  boiling  temperature,  in  the 
latter,  but  not  at  the  ordinary  temperature  of  the  air:  hence^ 
therefore,  it  precipitates  as  the  liquid  ooob. 

4.  The  method  of  preparing  this  salt  was  first  discovered 
by  Glauber,  and  afterwards  by  Lemery,  the  elder.  It  ac- 
quired great  celebrity,  as  a  medicine,  about  the  beginning 
of  the  last  century.  Its  preparation  was  Jcept  secret  before 
1V2O,  in  which  year  the  French  government  pui^chased  the 
process  and  made  it  public. 

5.  Kermes  mineral,  when  obtained  from  the  sulphuret  of 
antimony  and  potash,  was  found  by  Thenard  to  consist  of 

Hydrosulphuric  acid  30*30 

Oxide  of  antimony  72*76 

Sulphur  4-15 

Water  and  loss  2*79 


Its  compo- 
sition. 
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analysis  doesf  not  agree  well  with  aay  atomicd  tup*  CaAF.iV. 
position  for  the  composition  of  this  salt.  It  evidently  sp« 
pears  tluit  the  compound  cannot  be  much  modified^  in  its 
medical  properties  at  leasts  by  the  presence  of  4  per  cent* 
of  sulphur*  Kermcs  mineral  may  therefore  be  considered, 
without  much  want  of  precision,  a  hydrosulphate  of  anti- 
mony. 

6.  When  the  liquor,  from  which  the  kermes  mineral  has  Hydrami- 
precipitated,  is  treated  with  diluted  sulphuric  acid,  a  preci-l!^>^^<^»- 
pitate  is  formed,  which  differs  in  composition,  from  the  one  goid«B  mi^ 
last  described,  in  cootaiftiM  a  larger  proportion  of  sulphur.  vb<ur. 
According  to  the  plan  of  nomenclature  adopted  in  this 
work,  it  may  be  called  a  hydroaijdphtte  of  antimony.  Its 
usual  chemical  name  is  kydroguretted  sulphurtt  of  antimo'^ 
ny^  formerly  called,  goUtn  oulfhur.  It  is  officinal  with  the 
British  colleges. 

7*  Kermes  mineral  is  an  active  preparation  of  antimony,  Medwai 
and  certainly  not  sufficiendy  attended  to  by  medical  practi-  Pr<5^«rtie« 
tioners  in  the  United  States*  It  has  the  usual  properties  of  nun^^^ 
the  antimonial  remedies.  Its  dose  is  from  a  grain  to  a  grain 
and  a  half.  It  is  very  apt  to  excite  vomiting.  The  golden  aod  ofeoM- 
sulphur  is  very  similar,  m  medical  properties,  to  the  kermes  *"*  •"*pnar- 
mineraU  but  on  aceonat  of  the  additional  quantity  of  sul- 
phur which  it  contains,  it  may  be  given  in  larger  doses. 

Oxide  of  antimony  is  not  known  to  combine  with  phospKo-  Oside  of 
ric  acid;  but  with  phosphate  of  lime,  it  forms  phosphate  ^™j^^' 
of  Utne^and-antimony.  with  phot- 

phate  of 
II.  PHOSPHATE  OF  LIME-AND-ANTIMONT.  lime,  foinu 

phosphate 
(OxKfo  cfJbtiimons/  vitk  Photpkate  qf  Lime,  of  the  Bdinbiirgh  CoHtgOb       of  lime^nd. 
Common  namci^  ^SntimmwU  Ptnoder-^anwd't  Pemder.)  antlmoii7» 

1.  This  compound  is  directed  to  be  prepared  by  the  Bri-  ^derT' 
tish  colleges  by  the  following  process.  Put  a  mixture  of 
equal  parts  of  sulphuret  of  anciosony  and  shavings  of  harts- 
horn in  a  red-hot  iron  pot,  and  stir  it  constantly,  until  it  is 
burnt  into  a  mass  of  a  grey  colour.  It  is  then  removed  from 
the  fire,  ground  into  a  powder,  and  placed  in  a  crucible, 
over  which  there  is  luted  another,  perforated  at  its  bottom* 
The  mass  is  now  exposed  to  a  white  heat  gradually  raised, 
and  kept  at  that  temperature  far  two  hours*  It  is  then  with- 
drawn from  the  fire,  and,  when  cold,  ground  into  a  fine 
powder.  It  now  constitutes  the  preparation  in  question. 

9*  To  tmderstand  the  foregoing  process^  it  must  be  recol- 
lected, that  shavings  of  hartshorn  are  phosphate  of  lime 
containiiig  some  animal  matter.  When  they  are  exposed  to 
a  white  heat,  the  animal  matter  is  burnt  off,  and  they  be- 
copverted  tntt)  pure  phosphite  of  lime.  During  the 
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Book  L    same  exposure,  tbe  su^oret  of  antimony,  with  which  the 
PifwiopiL  shavings  are  mixed,  becomes  converted  into  oxide  of  and- 
mony,  and,  thus  altered,  combines  with  the  phosphate. 

3.  The  formula,  just  given,  was  invented  by  Dr.  Peai^ 
son  of  London.  It  fiinushes  a  preparation,  which  agrees 
in  constituents  with  die  celebrated  antimonial  powder  of 
Dr.  James, 
liseooipo-      4.  Thb  triple  salt  is  composed  of 
■*^  Phosphate  of  lime  43 

Oxide  of  antimony  57 
Itf  mediMa  5.  Phosphate  of  lime<>and*antimony  is  a  very  valuble  an- 
V'V^'!^^'  timonial  preparation.  In  doses  of  from  three  to  eight  grains, 
repeated  every  third  or  fourth  hour,  it  is  well  suited  to  the 
treatment  of  febrile  diseases,  and  acts  as  a  diaphoretic  and 
antiphlogistic  remedy.  In  larger  dosesy  its  operation  is  both 
emetic  and  cathartic. 

Ondeof  Tartaric  acid  has  no  action  upon  metallic  antimony,  and  u 
tSmt'i\[i'  capable  of  dissolving  small  portions  only  of  its  oxide; 
pie  nit  but  bitartrate  of  potash  (tartar)  combines  with  the  oxide, 

ta^^Mt-     ^^^  forms  tartrate  of  potash-and-antimony. 

SJu^erf  ™-  TARTRATE  OF  POTASH^ND-ANTIMONT. 

V^-^^'  (7\utrUe  o/AnUmtn^  of  the  Eclinbarsh  eQl1ege.-»AlM  ealled,  Tartarixed  Jm- 
^  twtai7'  ft'mony— ^winlMnomo/eif  Tiirfcir.-^ComDioii  name,  TarUtr  Emetic,) 

^f^^-  u  The  London  and  Edinburgh  colleges  direct  the  pre- 

paration of  this  triple  salt  by  the  following  process:  Boil  a 
mixture  of  three  parts  of  crocus  of  antimony  (a  sulphuretted 
oxide  of  antimony)  and  four  parts  of  bitartrate  of  potash 
(tartar),  in  thirty-two  parts  of  distilled  water,  in  a  glass 
vessel,  for  about  a  quarter  of  an  hour.  Filter  the  liquor 
through  paper,  and  set  it  aside  to  crystallize. 

2.  In  the  above  process,  the  oxide  of  antimony  is  dissolv- 
ed in  the  extra  atom  of  acid  of  the  bitartrate  of  potash; 
so  that  there  is  formed  a  tartrate  of  antimony,  while^  the 
bitartrate  is  reduced  to  a  tartrate  (soluble  tartar).  The  tar* 
trate  of  antimony,  however,  does  not  combine  with  all  the 
tartrate  of  potash  formed,  but  a  proportion  of  it  only. 
Hence  it  is  that  the  liquid,  from  which  tartar  emetic  is 
deposited,  is  a  solution  of  tartrate  of  potash. 

$•  Besides  the  crocus  of  antimony,  several  other  forms 
of  oxide  of  antimony  have  been  employed  in  the  forihation 
of  this  triple  salt.  These  are  the  glass  of  antimony  (a  sul- 
phuretted oxide)  and  subhydrochlorate  of  antimony  (pow- 
der of  Algaroth).  When  the  glass  is  used,  its  sulphur  is  left 
undissolved,  as  is  the  case  with  the  crocus;  and  when  the 
subhvdrochlorate-  is  employed,  the  small  portion  of  acid, 
which  it  contains,  combines  witii  the  potash  of  the  bitartrate 
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and  retnaiDS  in  solution*  The  Dublin  college  employs  the  Chap.  it. 
uncombined  oxide  of  imtimony^  which  ia  precipitated  from"" 
chloride  of  antimony  (butter  of  antimony)  by  means  of  car- 
bonate pf  potash.  This  is  perhaps  the  best  method  for  pre- 
paring tartar  emetic;  but  at  the  same  time  it  is  the  most 
expensive. 

4.  Tartrate  of  potash-and-antimony  has  a  white  colour  Prapertict 
and  a  crystalline  appearance.  When  exposed  to  the  air,  it  ^^^ 
eiBoresces  and  loses  its  transparency.  It  is  soluble  in  fifteen 

parts  of  water  at  the  temperature  of  60^,  and  in  three  parts 
of  boiling  water.  When  exposed  to  heat,  its  acid  is  destroy- 
ed, and  were  remains  behind  a  mixture  of  potash  and  oxide 
of  antimony.  It  is  decomposed  by  the  alkaline  salifiable 
bases  and  their  carbonates,  by  the  hydrosulphates,  and  by 
several  of  the  metals.  It  is  decomposed  also  by  vegetable 
juices,  and  by  decoctions  of  vegetable  substances,  especially 
of  such  as  are  astringent  and  bitter.  Hence  care  must  be 
taken  not  to  associate  these  substances  with  tartar  emetic  in 
compound  prescriptions. 

5.  The  composition  of  tartar  emedc  may  be  thus  stated:  Iti  eompo- 
182  parts,  or  one  atom  of  bitartrate  of  potash  require  for*^^*^'  - 
saturation  98  parts  of  oxide  of  antimony.  As,  however,  the 

oxide  combines  only  with  the  extra  atom  of  acid  in  the 
bitartrate,  there  consequently  results 

165  parts  of  tartrate  of  antimony,  composed  of 

67  parts,  or  one  atom  of  tartaric  acid,  and 
98  parts  of  oxide  of  antimony;  and 
115  parts,  or  one  atom  of  tartrate  of  potash,  composed  of 

67  parts,  or  one  atom  of  tartaric  acid,  and 
48  parts,  or  one  atom  of  potash. 
The  165  parts  of  tartrate  of  antimony,  during  the  pre- 
cipitation of  the  tartar  emetic,  combine  with  72  parts  only 
of  the  tartrate  of  potash  formed,  the  remainder  of  the  tar- 
trate of  potash,  amounting  to  43  parts,  being  held  in  solu- 
tion. 

The  above  numbers  are  calculated  from  an  analysis  per- 
formed by  Thenard.  It  is  easy  to  perceive  that  they  do  not 
accord  with  any  supposition  of  atomic  combination. 

6.  Tartrate  of  potash-and-antimony  is  of  indispensable  Tartar  e- 
utility  in  the  practice  of  medicine.  In  doses  of  from  three  ^^Upran- 
to  five  grains,  it  is  a  prompt  and  effectual  emetic:  and  in  bie  uUKty 
doses  of  from  one-eighth  to  one-fourth  of  a  grain,  repeated  at  1",^^^^*' 
short  intervals,  it  is  one  of  the  most  certain  means  of  repres-  dkiiie. 
sing  febrile  action,  which  can  be  employed.  When  dissolv- 
ed in  wine,  it  forms  the  valuable  medicine,  familiarly  known 

by  the  name  of  antimonial  wine.  This  preparation  is  offici- 
nal with  the  different  colleges;  but  it  is  to  be  regretted,  that 
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Book  I.  it  18  Dot  of  uniform  strength.  The  wine  ordered  b^  die 
PtfiMon  II.  Edinburgh  college  contains  two  grains  of  the  trtpk  salt  to 

the  ounce;  while  the  wines  of  the  London  and  Dublin  cot* 

leges  contain  twice  that  quantity. 

Sdttofoxi*     Besides  the  salts  of  oxidized  antimony  just  described, 
dized  and.  ^^j.^  have  been  formed  and  slightly  noticed  by  chcmista, 
•mitted.     the  oxalate,  acetate  and  benzoate.  The  rest  of  these  salts 
are  unknown. 

Tbeir  gen-     The  salts  of  oxidized  antimony  may  be  recognised  bf 
MtinT     ^®  following  properties  or  marks. 

1.  Their  solutions  in  acids  are  usually  of  a  brownish- 
yellow  colour,  and  in  most  cases  let  fall  a  white  precipi- 
tate upon  the  addition  of  water. 

2.  Hydrosulphate  of  potash  occasions  an  orange*GoIoured 
precipitate  in  their  solutions. 

3.  When  a  plate  of  iron  or  zinc  is  plunged  into  their  so- 
lutions, a  black  precipitate  immediately  forms. 


SECTION  XXXVI. 

SALTS  OF  OXIDIZED  TELLURIUM. 

^•itB  ofozi.  These  salts  are  the  compounds,  into  which  oxide  of  tel- 
item;  wbfet  l^rium  enters  as  a  constituent,  not  as  an  acid,  but  as  a  ba^e. 
tompoQoda.  It  was  the  double  office  of  the  oxide  of  tellurium  in  its  dif- 
ferent saline  combinations,  which  caused  the  metal  itself 
to  be  associated  with  antimony,  under  the  title  of  interme- 
diate  combustibles.  Tellurium,  however,  differs  from  anti- 
mony in  this  respect,  that,  being  capable  of  forming  but 
one  oxide,  the  same  oxide,  under  different  circumstances, 
appears  both  as  an  acid  and  as  a  salifiable  base;  whereas  it  b 
different  oxides  of  antimony,  which  assume  the  double 
office. 

The  hydrocblorate,   sulphate  and  nitrate   of  tellurium 
have  been  formed  by  Berzelius;  but  they  are  too  unimpor- 
tant to  be  described.  No  other  salts,  into  which  the  oxide 
of  tellurium  enters  as  a  salifiable  base,  are  known. 
Geneni         The  salts,  into  which  the  oxide  of  tellurium  enters  as  a 
Sr^«altt  constituent,  may  be  recognised  by  the  following  characters* 
iotowMeh'      1.  Potash  or  soda,  when  dropped   into  their  solutions, 
uu^riun    occasions  a  white  precipitate,  which  disappears  when  etthci: 
of  these  alkaline  bases  is  added  in  excess. 
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2.  Perrocyanate  of  potash  occasions  no  precipitate;  but  Ciup.'v. 
hydrosulphate  of  potash  throws  down  a  brown  or  blackish  enuw  m  i 
precipitate.  oonstitaenCk 

3.  Iron,  zinc,  and  antimony  throw  down  the  tellurium  in 
the  form  of  a  black  powder^  which  acquires  this  metallic 
lustre  when  rubbed. 


CHAPTER  V. 

OF  UNSAUFIABLB  eOMPOUNBS. 

It  is  proposed)  in  the  present  chapter,  to  treat  of  th« 
more  important  unsalifiable  compounds.  They  will  be  ar- 
ranged under  the  six  following  heads: 

1.  Alcohol.  4.  Fixed  oils. 

2.  Ethers.  5.  Spermaceti. 

3.  Volatile  oils.  6.  Soaps. 

These  heads  will  furnish  the  tides  of  the  six  following 
sections. 


SECTION  L 

OP  ALCOHOU 

(Common  name,  Spirit  of  fftne.) 

1.  Bt  the  distillation  of  various  fermented  liquors,  a  pe-  Pradoet  of 
culiar  liquid  is  obtained.  The  distilled  product  of » wine  '» Jj'*' ^*fjljlt' 
brandy;  of  the  fermented  juice  of  the  sugar  cane,  rum;  and  mented  U- 
•  of  the  fermented  juice  of  the  apple  or  of  the  fermented  in- 1**°"* 
fusion  of  malt,  whiskey  or  gin.  All  these  different  kinds  of 
ardent  spirits  are  essentially  the  same.    They  consist  of 
pure  spirit  or  alcohol,  diluted  with  water,  and  containing  a  Ardent 
little  oil  or  resin,  to  which  they  owe  their  flavour  and  colour.  "P*"}  »*  *- 

When  these  ardent  spirits  are  distilled,  there  is  obtained  hoi? 
a  light  transparent  liquid,  known  in  coinmerce  by  the  name 
of  rectified  spirits.  This  liquid,  however,  is  not  pure  alcohol; 
it  still  contains  a  considerable  portion  of  water. 

The  method,  formerly  practised  to  separate  the  water 
from  the  rectified  spirits,  was  to  mix  them  with  carbonate 
of  potash  (salt  of  tartar),  previously  made  dry  and  warm.     • 

3  F 
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Book  t    This  t^t  18  insoluble  in  pure  alcohol;  but  combines  with 
piTJMOp  n.  avidity  with  water.  Hence  it  is,  that,  upon  being  mixed 
with  the  spirits,  it  separates  the  greater  part  o    the  water 
which  they  contain,  and  falls  to  the  bottom  of  the  vessel 
employed.  The  spirits  have  now  become  lighter  and  purer 
than  before;  but  they  still  contain  a  considerable  quantity 
of  water. 
AbMlttte         Alcohol,  absolutely  pure,  was  first  obtained,  in  1796, 
fim'^um.  '^y  Lowitz  of  Pctersburgh.  The  process  of  this  chemist  is 
ad  bj  Low- as  follows:  Mix  together,  in  a  retort,  two  parts  of  carbo- 
'?'  nate  of  potash,  perfectly  dry  and  still  warm,  and  one  part 

of  alcohol,  brought  to  the  specific  gravity  of  0.821,  by 
means  of  the  common  treatment  with  carbonate  of  potash. 
IThis  mixture  forms  a  solid  mass,  without  any  superabun- 
dance of  alcohoL  Allow  it  to  remain  for  twenty-four  hours, 
and  then  distil  by  a  heat,  so  gende  as  that  about  two  seconds 
will  elapse  between  the  falling  of  the  drops  of  the  distilled 
liquor  from  the  beak  of  the  receiver.  When  the  interval 
becomes  greater,  the  process  must  be  stopped.  In-  this  way, 
an  alcohol  is  obtained  of  the  specific  gravity  of  0*791:  it 
may  be  considered  as  absolute  or  pure  alcohol. 

Richter  obtained  alcohol  of  the  specific  gravity  of  0*792, 
by  distilling  an  alcohol  of  the  specific  gravity  of  0*821,  off  a 
litUe  more  than  its  weight  of  chloride  of  calcium  (muriate 
of  lime),  pulverized  and  yet  warm,  and  which  had  previ- 
ously been  exposed  to  a  red  heat. 
Propertiet  2.  Absolute  alcohol,  obtained  by  the  processes  just  given, 
akc^^  is  a  transparent  colourless  liquid,  possessing  a  pleasant 
smell,  and  strong,  penetrating,  agreeable  taste.  Its  specific 
gravity,  as  has  already  been  mentioned,  is  0*791.  When 
mixed  with  water,  its  specific  gravity  becomes  higher  in 
proportion  to  the  quantity  added,  and  the  mixture  is  at- 
tended by  a  condensation.  Hence  the  purest  spirits  are 
those  which  are  specifically  the  lightest. 

3.  Alcohol  does  not  congeal,  when  exposed  to  the  greatest 
artificial  cold  which  has  hitherto  been  produced.  It  has  been 
subjected  to  a  cold  of  —  91^  without  losinff  its  liquidity. 

4.  It  is  a  very  volatile  liquid.  When  of  the  specific  gra- 
vity of  0*820,  its  boiling  point  is  at  176^.  In  a  vacuum,  it 
boils  at  the  temperature  of  56^.  From  this  it  is  evident, 
that,  were  it  not  for  the  weight  of  the  atmosphere,  it  would 
always  exist  in  the  form  of  an  elastic  vapour.  This  vapour 
possesses  the  mechanical  properties  of  common  air.  Its 
specific  gravity  is  1*61. 

5.  When  alcohol  is  exposed  to  a  high  temperature,  it 
takes  fire  and  bums  with  a  blue  flame,  leaving  no  residuum. 

•   The  products  of  its  combustion  are  water  and  carbonic 
acid. 


ALCOHOL. 

6.  Alcohol  U'  capable  of  dissolving  a  small  poiK^    f 
phoephorus.  It  dissolves  a  portion  of  sulphur  aUo.  V^        "^'' 
water  is  added  to  snlphoretted  alcohol,  the  sulphur  is 
cipitated. 

7.  Alcohol  has  the  property  of  combining  with  ammonia; 
with  which  it  forms  the  officinal  preparation,  called  ammo*  ^'< 
niated  alcohol,  or  spirit  of  ammonia*  This  compound  isfo^|^> 
best  prepared  by  mixing  together  one  part  of  hydrochlorate  ammooui*-^ 
of  ammonia  (sal  ammoniac)  and  two  parts  of  lime,  and  pour«  ^^  ^^f^^- 
ing  upon  the  mixture,  placed  in  a  retort,  four  parts  of  al- 
cohol. The  whole  is  then  distilled  to  dryness.  The  hydro* 
chloric  acid  of  the  hydrochlorate  combines  with  the  lime  in 

such  a  way  as  to  form  chloride  of  calcium  and  water;  while 
the  ammonia,  combined  with  the  alcohol,  distils  over. 

Several  active  articles  of  the  materia  medica  are  dissolv-  Ammonift- 
cd  in  ammoniated  alcohol.  The  compounds  thus  formed  JJ|J^^^» 
are  called  ammoniated  or  volatile  tinctures.  uAymt  for 

8.  Alcohol  is  capable  also  of  dissolving  potash  and  soda,  ^^^^ 
and  forms  with  them,  a  reddish-coloured  acrid  solution.   It  esLetT 

is  by  means  of  alcohol,  that  these  alkaline  bases  are  gene- 
rally obtained  in  a  pure  state.  It  is  decomposed  by  the  ac- 
tion of  sulphuric  and  nitric  acids;  but  all  the  other  acids 
are  soluble  in  it,  except  phosphoric  acid  and  the  metallic 
acids.  It  is  capable  of  dissolving  a  considerable  number  of 
salts.  Some  of  these  compounds,  however,  are  entirely  inso- 
luble in  it.  When  it  holds  in  solution  certain  substances, 
their  presence  is  indicated  by  the  peculiar  colour  of  its 
flame.  Thus  boracic  acid  and  the  salts  of  oxidized  copper 
tinge  its  flame  green;  nitrate  of  strontian,  purple;  chloride 
of  calcium,  red;  nitrate  of  potash  and  percfaloride  of .  mer- 
cury, yellow. 

9.  It  is  composed  of  Conpoti- 

Hydrogen  3— three  atoms.  hS^*'^ 

Carbon  12— -two  atoms. 

Oxygen  8— one  atom. 

23 
The  atomic  statement,  above  given,  of  the  ultimate  con- 
stituents of  alcohol  coincides  very  nearlv  with  an  analy- 
sis, performed  with  great  care  by  Theoaore*de  Saussure, 
in  1813:  it  may,  therefore,  be  considered  a  pretty  near  ap- 
proximation to  truth*  The  proximate  constituents  of  this 
liquid  are  unknown;  as  there  are  no  data,  by  which  to  indi- 
cate the  manner  in  which  its  ultimate  constituents  are 
united. 

10.  The  effects  of  alcohol  in  a  diluted  state  upon  the  Effeeti  of 
human  body,  under  the  various  forms  of  ardent  spirits,  arc  ^^^J^ 
too  well  known  to  require  detail.  They  are  certainly  diose 
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2nqS.  diffusive  stimuliis.  In  pharmacy, 
the  diluted  state,  is  very  much  em- 
virtues  of  certain  medicinal  substances* 
irmed,  are  called  tinctures.  It  is  to  be 
that  so  many  medicines  are  exhibited^ 
instruum,  more  especially  in  chronic 
lal  use  not  unirequently  renders  the 
fl,  at  first  merely  grateful  to  the  sto- 
lably  necessary,  to  create,  artificially, 
of  animal  feeling,  without  which  to 


SECTION  11. 

OF  ETHERS. 

Geneni  Ethers  are  very  fragrant  and  volatile  liquids,  formed  by 
J^^P*""*^  distilling  alcohol  with  various  acids.  The  reader  has  alrea- 
dy been  made  acquainted  with  the  liquid  formed  by  the 
union  of  hydroguret  of  carbon  (defiant  gas)  and  chlorinci 
under  the  name  of  chloric  ether.  Besides  this  compound, 
six  distinct  ethers  have  been  described  by  chemists;  namely 
hydrochloric  {muriatic)  ether y  hydriodic  ether ^  sulphuric 
ether^  nitric  ether ^  formic  ether^  and  acetic  etherm  Three 
only  of  these  ethers  ^  ill  be  described;  namely  hydrochloric, 
sulphuric  and  nitric  ethers. 

L  OF  HYDROCHLORIC  ETHER. 

(CJaual  ohemioal  nmne,  Muriatk  Ether.) 

HrH<oehio-  1.  This  ether  may  be  obtained  by  distilling  a  mixture  of 
obui  •  ^V^^  bulks  of  hydrochloric  acid  and  alcohol,  both  obtained 
as  strong  as  possible.  The  retort,  from  which  the  distilla- 
tion  is  made,  must  have  a  tube  luted  to  its  beak,  which 
should  communicate  with  a  glass  jar,  half  full  of  water, 
and  furnished  with  three  mouths.  From  the  middle  mouth, 
a  tube  of  safety  should  proceed;  and  from  the  third  mouth, 
a  tube,  so  connected  with  the  pneumatic  trough,  as  to  ena- 
ble the  operator  to  collect  the  gaseous  product.  As  soon  as 
the  heat  is  applied,  the  gaseous  product  passes  to  the  vessels 
in  the  water  trough;  while  any  alcohol,  acid  or  water,  which 
may  be  driven  over,  is  arrested  in  the  jar  with  the  three 
mouths.  The  gas  thus  obtained  is  hydrochloric  ether. 

2.  Hydrochloric  etherial  gas  has  the  strong  smell  of  ether, 
and  a  sweetish  taste.  Its  specific  gravity  is  2*219.  When 
exposed  to  a  cold  of  52^,  it  is  condensed  into  a  liquid,  in 
which  state  it  is  colourless  and  has  the  same  taste  and 
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smell  as  when  in  the  form  of  gas.   At  the  temperature  of  Chap.  y. 
41®,  its  specific  gravity  is  0*874«  It  bums  readily  witlt  a 
green  flame;  and,  at  the  same  time,  ^  very  considerable 
portion  of  hydrochloric  acid  is  disengaged  in  a  state  of  va-  *  ■ 
pour.   Notwithstanding,  the  presence  of  this  acid  is  not 
indicated  by  the  usual  tests* 

3*  This  ether  is  composed  of  Compoii- 

Hydrochloric  acid     29*44  **^- 

Carbon  36*61 

Oxygen  23*31 

Hydrogen  10*64 

100-00 

U.  OF  SULPHURIC  ETHER. 

(Formerly  called,  VitrioUc  Ether.) 

1.  Sulphuric  ether  may  be  prepared  by  distilling  a  mix- Solpharie 
ture  of  equal  parts  of  alcohol  and  sulphuric  acid,  in  a  retort,  '^^^^[{J^' 
to  which  is  luted  a  large  receiver,  surrounded  with  ice  or      ' 
cold  water.   A  vapour  comes  over,  which  condenses  in  the 
receiver  and  runs  down  its  sides  in  striae.  This  condensed 
vapour  is  the  sulphuric  ether.    It  is  rendered  impure,  how- 
ever, by  admixture  of  sulphurous  acid,  alcohol  and  water* 

Jt  may  be  purified  from  the  first,  by  mixture  with  a  lit- 
tle water  and  a  portion  of  lime,  and  a  re-distillation.  It 
may  be  deprived  of  the  water,  by  mixture  with  dry  pulve- 
rized carbonate  of  potash.  The  alcohol  is  separated  by 
means  of  dry  chloride  of  calcium  (muriate  of  lime),  which 
combines  with  it  and  sinks,  while  the  pure  ether  remains 
swimming  on  the  top.  By  pursuing  these  methods  of  puri- 
fication, sulphuric  ether  has  been  obtained  of  the  specific 
gravity  of  0*632,  at  the  temperature  of  60^. 

2.  Sulphuric  ether  is  a  colourless  liquid,  of  a  very  fra-  Pfopertiet. 
grant  smell  and  hot  pungent  taste.    It  is  exceedingly  vola* 

tile  and  vaporizable.  When  poured  out  in  the  open  air,  it 
disappears  in  an  instant,  being  converted  into  vapour,  and 
produces,  by  its  evaporation,  a  very  considerable  degree  of 
cold.  If  a  glass  vessel,  containing  water  and  surrounded 
with  a  cloth,  be  dipped  in  ether  for  several  successive  times, 
after  it  has  previously  evaporated,  the  water  in  the  vessel 
will  be  converted  into  ice.  This  ether  does  not  combine 
with  water.    At  the  temperature  of  98°,  in  the  open  air,  it  • 

boils;  but  it  boals  at  a  temperature  of  —  20^  in  a  vacuum. 
Its  freezing  point  is  at  the  temperature  of  —  46<^.  The 
specific  gravity  of  its  vapour  is  2*58.  It  is  very  inflammable; 
and  when  kindled  in  a  state  of  vapour,  it  bums  rapidly  with 
a  fine  white  flame. 
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Book  L        3*  It  is  composed  of 
Piriswm  IL  Hydrogen         14-40 

Compott-  Caibon  67*98 

*«»-  Oxygen  17-62 

100-00 
4.  Sulphuric  ether,  mixed  with  twice  its  weight  of  alco- 
hol, forms  the  sulphuric  ether  with  alcohol  of  the  Edinburgh 
college;  formerly  called  the  dulcified  spirit  of  vitrioL  This 
compound  is  used  in  the  formation  of  some  ethereal  tinc- 
tures. When  prepaird  with  cinnamon  and  other  aromatics, 
it  forms  the  aromatic  sulphuric  ether  with  akohol  of  the 
same  college.  It  enters  also  into  the  composition  of  the 
anodyne  liquor  of  Hoffnnan. 
Elixir  of  5.  The  aromatic  sulphuric  acid  of  the  Edinburgh  college, 
^trioL  usually  called  the  eUxir  of  vitriol^  is,  in  fact,  an  aromatic  sul- 
phuric ether  with  sulphuric  acid.  It  is  formed  by  dropping, 
gradually,  one  part  oi  sulphuric  acid  upon  four  parts  of  alco- 
hol, and  digesting  the  mixture  in  a  close  vessel,  at  a  gentle 
beat,  for  several  days;  at  the  end  of  which  time,  the  aromatics 
are  added. 

la  OF  NrrRic  ether. 

Nitrie  eth-  1.  Thenard  has  ascertained,  that  the  liquid,  heretofore 
j^J^I^P^  considered  as  nitric  ether,  is  in  fact  a  mixture  of  alcohol, 
water,  ether,  nitrous  and  acetic  acids.  To  obtain  nitric  ether 
pure,  this  chemiist  devised  the  following  process:  Pour  equal 
weights  of  alcohol,  and  nitric  acid  of  the  specific  gravity  of 
1*383,  into  a  retort.  Prepare  an  apparatus,  consisting  of 
five  tall  and  narrow  glass  jars,  halt  filled  with  a  saturated 
solution  of  chloride  of  sodium  (common  salt),  and  connect- 
ed together  by  means  of  a  series  of  bent  tubes.  This  con- 
nection by  tubes  is  to  be  arranged  in  the  following  manner: 
the  first  tube  is  to  pass  from  the  top  of  the  first  jar  to  the 
bottom  of  the  second  jar;  the  second  tube,  from  the  top  of 
the  second  jar  to  the  bottom  of  the  third,  and  so  on  of  all 
the  rest  of  the  jars.  The  first  jar  is  then  to  be  connected 
with  the  retort  by  means  of  a  glass  tube,  one  end  of  which 
must  be  luted  to  the  beak  of  the  retort,  and  the  other  pass 
down  to  the  bottom  of  this  jar.  The  last  jar  is  connected, 
by  means  of  a  tube,  to  the  pneumatic  trough.  All  the  jars 
are  now  surrounded  by  a  mixture  of  chloride  of  sodium 
(common  salt)  and  snow,  to  keep  them  as  cold  as  possible. 
A  moderate  heat  is  then  applied  to  the  retort.  What  gases 
become  formed  by  the  action  of  the  heat,  pass  through  the 
different  solutions  to  the  water  trough.  The  ether  itself  is 
deposited  in  the  different  Jars,  and  swims  on  the  surface  of 
the  contained  solutions.  It  is  ihtn  separated,  and  may  be 
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freed  from  nitrous  and  acetic  acids  by  agitation,  in  a  close  Chat.  V. 
vessel,  with  carbonate  of  lime  (chalk),  until  vegetable  blues  — — ^ 
are  no  longer  affected  by  its  action. 

2.  Nitric  ether,  when  thus  obtained,  is  a  liquid,  having  a  Propertiet. 
slightly  yellow  colour,  and  a  very  strong  ethereal  odour,  its 

taste  is  peculiar  and  strong.  It  is  somewhat  heavier  than 
alcohol,  and  much  more  volatile  than  sulphuric  ether.  It  is 
but  sparingly  soluble  in  water,  but  dissolves  in  alcohol  in 
every  proportion.  It  burns  brilliantly  with  a  white  flame, 
like  sulphuric  ether.  When  kept  for  some  time  or  heated, 
or  when  agitated  with  water,  both  nitrous  and  acetic  acids 
become  formed*  It  is  liquid  at  the  temperature  of  70^,  and 
vrhen  the  barometer  stands  at  30  inches;  but  if  the  heat  be 
increased  beyond  this  temperature,  or  the  barometrical  pres- 
sure lessened^  it  assumes  the  form  of  a  vapour. 

3.  It  is  composed  of  Compoii- 

Oxygeir  48-52  ^^' 

Carbon  28*45 

Azote  14*49 
Hydrogen  8-54 

lOOOO 
The  above  is  an  analysis  performed  by  Thenard.  It  does 
»ot  agree  well  with  the  atomic  theory.    It  is  perceived  that 
this  ether  differs  from  other  ethers  in  containing  azote  as  a 
constituent. 

^  4.  The  nitrous  ether  of  the  Dublin  college  is  an  impure  mtnmt 
nitric  ether.   It  is  formed  by  pouring  a  mixture  of  alcohol  f^^J^i. 
and  sulphuric  acid  upon  dry  and  coarsely  powdered  nitrate  trie  eUicr.. 
of  potash  (nitre),  placed  in  a  retort.  The  retort  is  furnished 
with  a  receiver,  which  must  be  kept  cool  by  means  of  water 
or  snow.  No  artificial  heat  is  requisite  to  produce  the  proper 
degree  of  action. 

The  spirit  of  nitrous  ether  (sweet  spirit  of  nitre)  may  be  Sweettpi- 
considered  a  mixture  of  nitric  ether  and  alcohol.    It  i8rit<>?'™J«*»- 
formed  by  distilling  a  mixture  of  one  part  of  nitrous  acid^nitrie 
of  the  shops  and  three  parts  of  alcohol,  by  the  heat  of  boil-  ^^ITf"* 
ing  water,  into  a  receiver  kept  cool  by  cold  water  or  snow. 
The  mixture  of  the  acid  and  alcohol  is  made  by  adding  the 
former  by  degrees  'to  the  latter,  contained  in  a  capacious 
phial  immersed  in  cold  water,  and  agitating  the  whole  at 
every  addition.  The  mixture  must  then  be  kept  for  seveik 
days,  before  it  is  exposed  to  heat. 

Spirit  of  nitrous  ether  constitutes  a  very  valuable  medi-  lu  medietl 
cine.  Its  chief  property  is  that  of  a  stimulating  diaphoretic;  propcrtiet. 
which  fits  it  for  exhibition  in  the  latter  stages  of  fevers, 
where  the  skin  remains  dry,  and  the  febrile  action  has  be- 
gun to  abate. 
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SECTION  III. 

OF  VOLATILE  OILS. 

1.  There  are  a  great  number  of  these  substances.  It  is 
not  intended,  however,  to  give  an  account  of  each  of  them 
individually;  their  general  characters  only  will  be  noticed. 
Geaenl  2.  Volatile  oils  may  be  distinguished  by  the  following 

Sfvouluir  gci^cral  properties.  They  are  usually  liquid;  but  some- 
oik,  times  they  have  the  consistence  of  butter.  Their  taste  is 
acrid,  and  their  smell,  strong  and  fragrant.  They  are  volati- 
lized by  a  heat  under  212^.  They  are  soluble  in  alcohol, 
and  but  imperfectly  so  in  water.  When  dropped  upon  paper 
and  exposed  to  a  gentle  heat,  they  evaporate  entirely  with- 
out leaving  a  greasy  stain.  This  last  circumstance,  particu- 
larly, distinguishes  them  from  the  fixed  oils. 

3.  Volatile  oils  are  almost  all  obtained  from  vegetables; 
and  from  every  part  of  the  plant,  except  the  substance  of 
the  cotyledons.  On  the  contrary,  the  fixed  oils  are  generally 
contained  in  these  portions  of  the  plant. 
Kethod  of  4.  Sometimes  volatile  oils  are  obtained  by  simple  expres- 
obtammg  gj^jj.  ^^j^  j^  general,  they  can  be  extracted  only  by  distilla- 
tion. The  method  is  to  put  the  part  of  the  plant,  containing 
the  oil,  in  a  still  with  water,  and  to  apply  a  gentle  heat:  the 
volatile  oil  is  driven  over  with  the  water,  and  is  found  swim- 
ming on  its  surface. 

5.  The  specific  gravity  of  the  volatile  oils  is  very  various. 
Most  generally,  however,  it  is  below  that  of  water.  The 
point  at  which  different  volatile  oils  congeal  varies  very- 
much  also.  Oil  of  anise  and  of  fennel  become  solid  at  50^, 
and  oil  of  turpentine  begins  to  melt  at  14^.  Several  volatile 
oils  require  a  cold  as  low  as   —  17^  for  their  congelation. 
EfTeets  of        6.  When  volatile  oils  are  exposed  to  the  open  air,  thejr 
2jpoiure  to  ^qIq^jj.  gradually  deepens,  their  odour  diminishes,  and  they 
become  more  viscid.  By  long  exposure,  they  at  last  assume 
the  appearance  of  resins.   When  sufficiently  heated,  they 
take  fire  and  bum  with  a  clear  bright  flame,  emitting  a  vast 
quantity  of  smoke.  The  products  of  their  combustion,  be- 
sides the  soot,  are  water  and  carbonic  acid. 
Aation  of        7*  Volatile  oils,  by  the  action  of  chlorine,  are  converted 
**''*°"th      '"^^  *  yellow  resinous  substance.   Oil  of  turpentine,  in  a 
^'^'  state  of  vapour,  passed  through  a  glass  tube  along  with  this 
supporter,  combines  with  it,  and  forms  a  thick,  heavy,  white 
oil,  which  sinks  immediately  in  water,  and  has  a  taste  and 
smell  resembling  that  of  nutmegs. 
They  dii-        8.  Volatile  oils  dissolve  a  portion  of  sulphur.  When  dl^ 
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gested  upon  this  substance,  at  the  temperature  at  which  it  c<a>.  V. 
melts,  they  dissolve  a  portion  of  it,  and  acquire  a  brown  mIwmI- 
colour  and  a  disagreeable  taste  and  smell.  These  combina- phur  and 
lions  are  called  balsams  of  sulphur.  Volatile  oils  also  dis*  P^^pl^H 
solve  a  small  portion  of  phosphorus  at  a  digesting  heat, 
but  they  deposite  it  again  as  they  cooU    They  are  all  more 
or  less  soluble  in  alcohol,  ether,  and  the  fixed  oils* 

9.  Sulphuric  acid  acts  with  considerable  energy  upon  the  AetioD  of 
volatile  oils.  It  first  dissolves  them,  then  converts  them^p**^^ 
into  a  substance  of  a  resinous  nature,  and  ultimately  into  on  them* 
charcoal.    Hydrochloric  acid  has  much  less  action   upon 

them  than  sulphuric  acid:  it  combines  with  the  oil  of  tur* 
pentine,  and  forms  a  compound  very  similar  in  appearance 
to  camphor.  Nitric  acid,  when  thrown  upon  them  suddenly 
in  a  concentrated  state,  generally  sets  them  on  firei  but 
when  sufficiently  diluted,  it  effects  their  solution,  and  con- 
verts them  into  a  yellow  substance,  resembling  resin. 

10.  Volatile  oils  are  found  to  consist  of  hydrogen,  carbon 
and  oxygen,  united  in  various  proportions;  but  no  exact 
analysis  has  been  made  of  them. 

11.  Some  of  the  volatile  oils  are  used  in  the  arts*  They  Their  ma 
give  to  different  perfumes  their  odorous  properties.  The  oil  "*  ***•  "^ 
of  turpentine  is  used  to  dissolve  resins,  which  are  afterwards, 
employed  as  varnishes  and  for  many  other  purposes* 

12.  A  great  many  volatile  oils  are  employed  in  medicine*  and  m  me- 
Their  chief  use  is  to  conceal  the  taste  of  the  more  nau*  ^'^'^* 
seous  medicines,  by  substituting  an  agreeable  pungency*  In 

many  cases,  the  medicinal  virtues  of  the  substances,  from 
which  they  are  obtained,  are  preserved  in  the  oil  itself* 
Thus  it  is  found  that  the  oil  of  juniper  berries  is  diuretic; 
that  of  scurvy-grass,  antiscorbutic;  that  of  mint,  stomachic, 
.and  so  of  many  others.  The  most  important  volatile  oil,  in 
a  medical  point  of  view,  is  the  volatile  oil  of  turpentine 
(spirit  of  turpentine).  It  is  obtained  by  distilling  the  com- 
mon oil  of  turpentine  along  with  water.  Its  principal 
properties  are  those  of  a  diaphoretic  and  diuretic.  When 
given  in  large  doses,  it  operates  with  great  power  upon  the 
urinary  organs.  This  oil  certainly  deserves  more  attention 
than  is  generally  bestowed  upon  it  by  the  practitioners  of 
the  United  States* 
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SECTION  IV. 

OF  FIXED  OILS. 

General  u  The  fixed  oih  have  the  foUowiog  general  properties: 
oftbe'fixed  ^^y  ^^  usually  liquids,  possessing  a  certain  degree  of 
oib.  .  viscidity,  and  having  an  unctuous  feel  and  mild  taste.  They 
are  very  combustible,  and  are  insoluble  in  water,  and  nearly 
so  in  alcohol.  Their  boiling  point  is  above  600^«  When 
dropped  upon  paper,  they  leave  a  greasy  stain,  which  is  not 
removed  by  exposure  to  a  gentle  heat. 

2.  Fixed  oils  are  obtained  from  both  animal  and  vegeta- 
ble substances  by  simple  expression.  They  are  all  lighter 
than  water;  but  they  differ  from  one  another  in  the  degree 
of  their  specific  gravity. 
Thdir  com-  3,  Fixed  oib,  in  a  state  of  vapour,  catch  fire  on  the  ap- 
^^^  ^^  proach  of  an  ignited  body,  and  bum  with  a  yellowisb-white 
flame.  It  is  on  this  property  of  the  fixied  oils,  that  the  bum« 
ing  of  lamps  and  candles  depends.  By  the  approach  of  an 
ignited  body  to  the  wick,  it  catches  fire;  and  sufficient  heat 
is  thereby  produced  to  convert  a  portion  of  the  ^llow  or 
oil  into  vapour,  which  immediately  takes  fire  in  the  wick. 
The  heat  dius  generated  is  sufficient  to  convert  a  fresh  por-* 
tion  of  the  tallow  or  oil  into  vapour,  which  in  its  turn  in- 
flames. In  this  manner,  the  flame  is  preserved  as  long  as 
any  tallow  or  oil  remains.  The  products  of  this  combusuon 
are  water  and  carbonic  acid. 

4.  All  the  fixed  oils,  which  are  liquid  at  the  common 
temperature  of  the  atmosphere,  lose  their  liquidity  when 
exposed  to  a  sufficient  degree  of  cold;  but  the  congealing 
points  of  different  oils  are  exceedingly  various. 

5.  All  the  fixed  oils,  when  exposed  to  the  air,  gradually 
absorb  oxygen,  become  more  and  more  viscid,  a^d  are  at 
last  converted  into  solids.  Some  oils,  after  having  under- 
gone  this  change,  remain  transparent,  while  others  become 

Divided  in-  opsque  like  tsdlow.  Those  which  remain  transparent  are 
oflt^i^fftt  ^^^^^^  drying  oils;  while  those  which  become  opaque  are 
oils.  denominated  fat  oils. 

Oiitmaybe     6.  Most  of  the  fixed  oils  may  be  converted  into  drying 

™**M^"  ^^^*  ^y  artificial  management,  and  are  thereby  rendered  fit 

laiy.      ^'  for   use   by  the  painter  and  vamisher.  The  management 

Manner  io  consists  in  boiling  the  oil  for  some  time  in  an  iron  pot.  It 

T»hieh  this  thereby  acquires  a  deeper  colour  and  greater  consistency, 

owing  to  a  partial  decomposition;  there  being  abundance  of 

watery  vapour  and  hydroguret  of  carbon  separated  during 

the  boiling.  For  some  purposes,  the  oil  is  set  on  fire  and 
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idlowed  to  bum  for  some  time,  when  it  is  extinguished  by*  Cbaf.  V. 
covering  the  vessel  in  which  it  is  contained;  after  which 
the  boiling  is  continued,  until  the  oil  acquires  the  necessary 
visciditVt  and  loses,  in  a  great  measure,  its  unctuous  quali- 
ties. It  is  common  also,  in  many  cases,  in  forming  the  dry- 
ing oils,  to  boil  them  with  a  portion  of  the  semi-vitrtfied 
oxide  of  lead  (litharge).  The  change  which  takes  place  in 
oils,  whereby  they  are  rendered  drying,  is  not  well  under- 
stood. 

7.  The  fixed  oils  dissolve  a  small  portion  of  phosphorus  Fixed  oib 
by  the  assistance  of  heat.  They  dissolve  readily  a  portion  J^mJ^ 
of  sulphur,  by  the  same  agency.  The  solution  formed  is  mt  and  lul- 
of  a  reddish  colour,  and  when  allowed  to  cool,  deposites  K^"'* 
die  sulphur  in  crystals. 

8«  The  fixed  oils  are  insoluble  in  water.  When  agitated  Tbejr  are 
with  water,  the  mixture  assumes  a  milky  appearance;  but  ||^j[^^^^  "^ 
upon  rest,  the  two  liquids  gradually  separate,  the  oil  swim- 
ming above  the  water.  If  a  mucilaginous  substance,  such  as 
gum  arable,  be  incorporated  with  the  mixture,  it  becomes  a 
kind  of  bond  of  union  to  the  oil  and  water,  which  now  con- 
stitute a  permanently  milky  compound*  These  mixtures  of 
oil  and  water,  by  means  of  mucilage,  are  called  emulsions. 
When  oily  seeds,  such  as  almonds,  are  triturated  with 
water,  the  same  kind  of  mixture  is  formed;  because,  in 
these  seeds,  a  mixture  of  oil  and  mucilage  exists  ready 
formed. 

9.  Most  of  the  fixed  oils  are  but  sparingly  soluble  in  and  bat 
alcohol.  This  liquid  takes  up  very  little  olive  or  •J'nond  JPJJjy*'/ 
oil,  but  somewhat  more  of  linseed  oil;  whereas  it  dissolves  aieohd. 
any  quantity  of  castor  oiL  In  general  these  oils  are  more 
soluble  in  sulphuric  ether  than  in  alcohol.  Like  alcohol, 
sulphuric  ether  dissolves  any  quantity  of  castor  oil. 

10.  The   fixed  oils  unite  readily  with  the  alkaline  and  Thej  nniie 
earthy  salifiable  bases,  and  form  compounds  called  soaps.  JlJbMw*** 
But  it  would  appear,  that   they  do  not  unite  with  these 
bodies  as  oils,  but  undergo  a  singular  change,  at  the  mo- 
ment of  saponification,  which  wiU  be  explained  hereafter. 

They  also  combine  with  salifiable  bases  of  the  third  class, 
commonly  called  metallic  oxides,  and  form  compounds  called 
plasters. 

11.  The  action  of  acids  upon  the  fixed  oils  has  been  but^ftionof 
very  imperfectly  ascertained.  Sulphuric  acid  acts  upon  them  g^^  ^^ 
with  considerable  energy;  they  are  at  first  converted  into  a 
black  substance  resembling  bitumen;  but  if  the  action  of 

the  acid  be  allowed  to  continue  long  enough,  they  are  ulti- 
mately enth'ely  decomposed  into  water,  charcoal,  and  an 
acid.  Nitric  acid  has  a  more  powerful  action  upon  them* 
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BookL   When  poured  suddenly  upon  the  drying  oils,  they  are  set 
Pi^iikm  II.  on  gre.  The  same  effect  is  produced  upon  the  fat  oils,  if 
the  nitric  acid  employed  be  previously  mixed  with  a  portion 
of  sulphuric  acid.  Nitric  acid,  sufficiently  diluted,  converts 
the  drying  oils  into  a  substance  like  resin,  and  fat  oils  into 
a  mass  resembling  tallow. 
Banciditr        12.  Fixed  oils,  upon  keeping,  are  liaUe  to  undergo  a 
exptaiiiMi.  ^gnge^  which  is  known  by  the  name  of  rancidity.    They 
become  thick,  and  acquire  a  brown  colour,  an  acrid  taste, 
and  a  disagreeable  smell.  It  is  generally  supposed  that  this 
change  depends  upon  the  presence  of  mucilaginous  matter, 
which  many  oils  when  newly  extracted  contain;  but  hoir 
this  matter  acts  is  not  known.  It  is  ascertained,  however, 
that  an  acid  is  generated  diuing  the  conversion;  since  ran- 
cid oils  have  the  proper^  of  changing  vegetable  blues  to 
red. 
Fixed  oili       13.  The  fixed  oils  are  of  indispensable  use  in  pharmacy. 
^"^^IIJ?     Under  the  forms  of  tallow,  mutton-suet  and  hogslard,  they 
piMrmaejr.  ^QQg^J^^^  ^^  basis  of  all  kinds  of  ointments  and  plasters* 

Among  the  most  useful  of  them  are  the  olive  and  castor 
oils.  The  latter  furnishes  the  physician  with  an  excellent 
mild  purgative. 
tJitimsite.        I4<.  The  fixed  oik  are  compounds  of  hydrogen,  carbon 
oonstita.     and  oxygen,  united  in  various  proportions.  The  only  fixed 
«ddhL^'  oil  which  has  been  accurately  analyzed  is  the  olive  oil  Its 
constituents  were  ascertained  by  Gay-Lussac  and  Thenard, 
by  burning  a  determinate  quantity  of  it,  mixed  with  chlo- 
rate of  potash.  They  are 

Hydrogen        13*260 
Carbon  77*213 

Oxygen  9*427 

lOOOOO 

The  above  analysis  is  given  without  reference  to  the 
atomic  theory,  with  which  it  does  not  well  accord. 

15*  The  constituents  just  stated  for  the  fixed  oils  may  be 
called  their  ultimate  constituents.  Besides  these,  by  a  pecu- 
liar mode  of  analysis,  they  may  be  resolved  into  two  dis- 
tinct substances,  which  may  with  propriety  be  called  their 
JProzirotte  proximate  constituents.  These  substances  were  discovered 
•oostitn-     by  Chevreul  in  1814,  as  the  proximate  constituents  of  all 
fi^^^u^   kinds  of  animal  fat;  and  in  the  succeeding  year,  Braconnot 
are  t«o  pe- proved  that  a  similar  constitution  obtained  in  the  fixed  oils 
.  ^liarsQ^.  ^f  ^j^^  vegetable  kingdom.  An  account  of  these  two  sub- 
called        stances,  under  the  names  of  stearin  and  eldin^  appellations 
^«[rsn  and  assigned  to  them  by  Chevreul,  will  form  a  very  proper  se- 
*'^        quel  to  the  present  section  on  the  fixed  oils. 
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t  OF  STEARIN.'  F'^'T.',. 

t.  This  substance  may  be  obtained  by  treating  purified  Steibin; 
hogslard  with  boiling  alcohoL  As  the  alcohol  cools,  a  white  ^^^ 
crystalline  substance  is  deposited,  which  is  stearin.  ChemoU 

2.  Hogslard,  being  an  animal  fat,  is  composed,  as  has 
been  already  mentioned,  of  stearin  and  elain;  the  former  is 
soluble  m  boiling  alcohol  only;  the  latter,  in  alcohol  whether 
hot  or  cold.  It  is  on  this  account,  that  the  stearin  is  obtain- 
ed in  a  separate  state  by  the  process  just  given;  for  the 
alcohol,  upon  cooling,  is  no  longer  able  to  hold  in  solution 
the  stearin,  which  is  therefore  deposited,  while  the  elain  still 
remains  in  solution. 

3.  The  alcove  method  for  obtaining  stearin  is  that  of  MeUiod  of' 
ChevreuL  Braconnot  employs  a  simpler  one.  It  consists  in  Bnflonnot. 
this:  if  the  oil  to  be  analyzed  is  in  a  liquid  state,  it  is  first 
congealed,  and  afterwards  subjected  to  strong  pressure  be- 
tween the  folds  of  blotting  paper.  The  ela'in  is  imbibed  by 

the  paper,  while  the  steiinn  remains  behind  pure.  The  con- 
crete oils  may  be  subjected  to  pressure  at  once,  without  any 
previous  preparation. 

4.  Stearin,  when  thus  obtained,  is  a  white,  brittle  sub-  Propertifli 
stance,  having  some  resemblance  to  wax.    When  pure,  it  is  ^^^^^""^ 
destitute  of  smell  or  taste.   It  does  not  alter  the  colour  of 
vegetable  blues.  It  is  somewhat  different  in  its  properties, 
according  to  the  animal  oil  from  which  it  may  be  obtained. 

n.  OP  ELAJfN.f 

1.  Chevreul's  process  for  obtaining  ela'in  is  to  dissolve  Ebtlo;  pro-1 
tallow  of  some  kind  in  boiling  alcohol,  to  allow  the  stearin  JJSl*^-?' 
to  precipitate  by  cooling,  and  to  distil  the  alcohol  from**"^** 
the  ela'in.  Braconnot  obtains  it  from  the  paper  which  has 
imbibed  it  in  his  method  by  pressure.  The  paper  is  soaked 

in  water  and  subjected  to  pressure.  The  pure  ela'in  is  there- 
by forced  out. 

2.  Ela'in  has  very  much  the  appearance  of  a  vegetable  oil.  ittinopeF- 
It  differs  considerably,  according  to  the  tallow  or  oil  from  ^'^ 
which  it  may  be  separated.  Sometimes  it  is  obtained  desu* 
tute  of  smell  or  colour;  but  more  usually  it  has  both,  owing 
to  the  presence  of  foreign  substances. 

The  properties  of  stearin  and  ela'in  having  thus  been 
briefly  given,  it  may  be  worth  while  to  state  the  propor- 
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•  From  aluift  tsHow.  f  F«im  thtuw,  oil. 
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BookI   tions,  in  which  these  substances  combine  in  sevend  of  the 
Hi  more  familiar  forms  of  fixed  oiL 


riS"*         Butter  is  composed  of  T*?'?™  '  1? 

inn  and  *^  i  '-lain  -  -      60 


Propbrtion 
in  w  I 
stearin  and 

ebineom.  ,  ^      r  /  Stearin  .  38 

bine  in  te-  Hoffslard.  of  <     ,  ..  ^« 

Tcral  fixed  ^  '  I  Llain       -  -      62 

«^  ^,.        .,     c  /stearin  •  28 

Olive  oil,  of  1^1^..^      .  ,      ^2 

The  proportions  of  stearin  and  elain  in  a  number  of  odier 
fixed  oils  have  also  been 


SECTION  V. 

OF  SPERMACETI. 

Spermaee.      1.  This  substance,  mixed  with  a  liquid  oil^  is  found  in  a 
fivm  ^ipe^  triangular  bony  cavity  in  the  head  of  the  spermaceti  whale« 
eiet  of        It  is  obtained,  in  a  separatie  state,  by  expression;  in  which 
7^^«       process  a  very  pure  whalr  oil  is  at  the  same  time  separated. 
The  residuum,  after  being  freed  from  impurities  by  wash- 
ing, melting  and  straining,  and  lasdy  by  treatment  with  a 
weak  solution  of  potash,  is  pure  spermaceti. 
Properties.     2.  When  perfecdy  pure,  spermaceti  is  a  beautiful  white 
substance,  of  a  crystalline  appearance.  It  is  very  britde, 
and  has  scarcely  any  taste  or  smell.  Acids  have  scarcely  any 
action  upon  it;  but  potash  and  soda  combine  with  it  slowly, 
and  form  a  kind  of  soap.   Hot  ammonia  combines  with  it 
also,  and  becomes  converted  into  a  liquid  soap,  which  is  not 
decomposed  by  cooling  or  the  addition  of  water,  but  imme- 
diately upon  the  addition  of  an  acid,  the  spermaceti  being 
precipitated,  altered  in  its  properties.  Spermaceti  is  altered 
in  a  similar  manner  when  saponified  by  potash  or  soda. 


SECTION  VI. 

OF  SOAPS. 

Chemiesi        SoAlPS  are  formed  by  mixing  fixed  oils  with  the  diflPerent 

nitureof    salifiable  bases.  They  may  be  conveniently  divided  into 

'^^*        those  which  are  soluble  in  water,  and  those  which  arc 

insoluble.  The  latter,  from  their  insolubility,  cannot  be  used 

as  detergents,  and  will  be  passed  over  without  notice.   The 

soluble  soaps  are  those  of  ammonia,  soda  and  potash. 


I.  80AP  OP  AMMONIA.  CAa».  V. 


(Commonly  tilled,  VokoUe  LMmeni.) 

1.  This  soap  is  very  readily  formed  by  mildng  olive  oil'Softpofam- 
and  water  of  ammonia  together.  The  proportions  directed  gj^^*****^ 
by  the  Edinburgh  college  are  eight  parts  of  the  former,  and 

one  of  the  latter.  It  is  sometimes  prepared  by  mixing  two 
parts  of  olive  oil  with  one  part  of  water  of  ammonia,  when 
a  strong  liniment  is  desired. 

2.  The  soap  of  ammonia  is  used,  medicinally,  as  a  stimu- 
lant and  rubefacient.  It  is  very  frequendy  applied  to  the 
neck  in  inflammatory  sore  throat,  and  to  different  parts  of 
the  body  in  rheumatisms. 

TL  SOAP  OF  SODA. 
(Commooly  ctUedy  Hard  Soap.) 

1.  This  soap  is  prepared  from  the  carbonate  of  soda  (soda  Soap  of  m- 
of  commerce)  and  some  fixed  oiL  Olive  oil  is  found  to  an-  ^*- 
swer  best,  and  next  to  it,  tallow.  The  outline  of  the  process  tio2*^' 
is  as  follows:  Any  quantity  of  the  soda  of  commerce  (car- 
bonate of  soda)  is  mixed  with  about  one-fifth  of  its  weight 
of  lime,   which  has  been   previously  slaked   and  passed 
through  a  sieve.  A  quantity  of  water  is  poured  over  this 
mixture  sufficient  to  cover  it,  and  allowed  to  remain  for 
several  hours.  The  lime  attracts  the  carbonic  acid  from  the 
soda,  so  that  the  liquid  becomes  a  solution  of  pure  soda.  The 
solution  is  then  drawn  off,  and  two  odier  solutions  made, 
by  allowing  fresh  portions  of  water  to  stand  upon  the  re- 
siduum for  two  or  three  hours,  at  successive  times.  A 
quantity  of  oil,  equal  to  six  times  the  weight  of  the  soda 
f  mployed,  is  then  put  into  a  boiler,  together  with  a  portion 
of  the  weakest  solution,  and  the  whole  subjected  to  boiling, 
with  constant  agitation.  As  the  boiling  continues,  the  whole 
of  the  third,  and  then  the  second  solution  of  the  soda  are 
added  at  intervals*  The  mixture  assumes  a  milky  appear- 
ance, and  begins  to  acquire  some  consistence.  Part  of  the 
strongest  solution  is  now  added  to  it  at  intervals,  the  boil- 
ing and  agitation  being  still  continued.  The  soapy  substance 
at  last  begins  to  separate  from  the  watery  part;  at  which 
time,  common  salt  is  to  be  added  to  render  the  separation 
more  complete.   After  this,  the  mixture  is  still  exposed  to 
a  boiling  heat  for  several  hours  longer,  when  the  fire  is 
withdrawn  and  the  mass  allowed  to  cool.  After  a  few  hours' 
repose,  the  soap  is  found  completely  separated  from  the 
watery  part,  and  swimming  on  its  surtace.  The  wateiy 
portion  is  then  drawn  off. 

To  complete  the  formation  of  the  soap,  it  is  again  exposed 
to  heat,  and,  to  facilitate  its  fusion,  a  little  weak  ley  is  added. 
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Book  I.    As  sooti  as  it  boik,  the  remainder  of  thcs  strongest  solutioll 
^^"^°°*^'  of  the  soda  is  added  to  it  at  intervaki  and  after  it  has  acquired 
a  proper  consistency^  the  fire  is  again  withdrawn,  the  watery 
part  separating  as  before*  It  is  then  heated  for  the  third 
time,  mixed  with  a  little  water  to  form  it  into  a  proper 
paste,  and  afterwards  poured  into  vessels, and  allowed  to 
cool*    In  a  few  days,  it  wiU  have  acquired  sufficient  consis* 
tency  to  be  formed  into  cakes  for  use. 
Soda  fonns     2.  Soda  forms  a  hard  soap  with  a  great  variety  of  oils; 
J[  J5^j^*^but  it  appears  that  linseed  oil  and  whale  oil  are  not  proper 
fixed  oiii.    for  the  fabrication  of  this  kind  of  soap.  Soda  and  tallow 
form  a  white  hard  soap.  The  common  yellow  soap  is  form^ 
ed  of  the  same  ingredients,  with  the  admixture  of  a  consi- 
derable portion  of  rosin. ' 

III.  SOAP  OF  POTASH. 

1.  (CommoDly  calledy  S^ft  Soap.) 

Soap  of  pot-       1*  When  potash  is  substituted  for  soda  in  the  formation 

•*».PJ*P*'of  soap,  precisely  the  same  process  is  employed  as  for 

tame  way    making  a  soap  of  soda.  There  is  this  difference,  however, 

•>  ^  "oap  between  this  soap  and  the  one  last  described,  that  it  cannot 

**      be  made  to  assume  the  solid  form.  A  hard  soap,  it  is  true, 

may  be  formed  from  soft  soap  by  the  addition  of  common 

salt;  but  in  this  case,  the  soap  of  potash  is  changed  into  a 

soap  of  soda;  the  common  salt  being  decomposed,  and 

thereby  affording  soda,  which  displaces  the  potash. 

Theproii-  It  has  already  been  mentioned,  that  the  fixed  oils,  by 
mate  con-  combining  with  salifiable  bases,  undergo  a  change,  which 
fizeci  oils,  was  promised  to  be  explained  hereafter.  It  is  found,  that, 
cooTerted  when  these  oils  are  saponified,  their  proximate  constituents 
IVwrponlfi-  stearin  and  elain  become  acid  substances.  This  is  also  true 
oation;  with  regard  to  spermaceti.  These  facts  were  ascertained  in 
*an«pro.  ^®^^»  ^V  Chevreul.  This  chemist  gives  the  name  of 
dnoed  also  Margaric  acid  to  stearin,  "I 

on  sperma.         Oleic  acid  to  elai'n,  and    vas  altered  by  saponification. 

Cetic  acid  to  spermaceti,  J 

The  present  chapter  upon  soaps  will  be  closed  by  an  account 

of  these  acids. 

IV.  MARGARIC*  ACID. 

Margatic         !•  This  acid  was  obtained  by  Chevr^ul  by  the  following 

addt  bow    process:  A  soap,  formed  by  means  of  hogslard  and  potash, 

obtained.    ^^^  treated  with  water,  whereby  part  of  it  became  dissolved, 

and  part  remained  insoluble.  The  insoluble  portion  is  a 


*  FraiD  fiutftyofiRK,  a  peari;  id  eomequefieeof  ita  pearl-white  eoloar. 
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f;oinpoaii4  of  margaric  acid  aod  potash.  It  was  decompos-  c^a^  v. 
cd,  and  its  acid  part  set  at  liberty,  by  means  of  hydrochloric    " 
acid. 

2.  Margaric  acid  has  ^  pearl-white  colour*  It  if  destitute  its  proper- 
of  taste,  and  has  a  we^k  sqiell  like  that  of  wl^ite  wax*    It  if  ^** 
lighter  than  water.  It  melts  in  a  gentle  heat,  and  crystallize|i 
upon  cooling  in  brilliant  white  needles.  It  re4den«  vcgo^ 
table  blues.   It  is  capable  of  combining  with  several  of  the 
salifiable  bases,  and  forms  compounds  analogous  to  salts. 

V.  OLEIC  ACID. 

1.  This  acid  was  obtained  by  Chevreul  from  the  soluble  deie  add; 
part  of  the  soap  of  potash  formed  from  hogslard.    This  ^'^  <**>'""" 
part  was  found  to  be  an  oleate  of  potash.  By  treatment  with 
tartaric  acid,  it  is  decomposed  and  its  acid  separated. 

2.  Oleic  acid  is  an  oily  liquid,  destitute  of  smell  or  lu  proper- 
colour  when  perfectly  pure;  but  usually  having  a  rancid  ^^* 
odour,  and  a  yellow  or  brown  colour.    It  is  insoluble  in 
water,  but  very  soluble  in  alcohol.  It  changes  vegetable 

blues  to  red.  It  is  lighter-than  water.  Its  point  of  congela- 
tion is  various,  as  obtained  from  different  saponified  oils.  It 
unites  with  a  number  of  the  salifiable  bases,  and  forms 
compounds  analogous  to  salts. 

MaTgaric  and  oleic  acids  have  been  obtained  from  several 
saponified  animal  fats,  and  are  always  found  to  have  very 
nearly  the  same  properties.  If  Chevreul's  experiments  may 
be  depended  upon,  then  every  species  of  soap,  formed  from 
tlie  fixed  oils,  contains  both  margaric  and  oleic  acids;  since 
these  are  the  substances,  into  which  the  proximate  compo- 
nent parts  of  the  oils  are  converted  during  saponification. 

VI.  CBTIC  ACID. 

1.  When  spermaceti  is  saponified  by  potash,  and  decom-  Cetkadd; 

Eosed  by  an  acid,  the  matter  deposited  is  not  spermaceti,  ^  obtun- 
ut  a  substance  resembling  it,  possessing  acid  properties. 
This  substance,  Chevreul  has  called  cetic  acid. 

2.  Cetic  acid  is  a  white  solid,  destitute  of  taste  or  smell.  lu  proper- 
It  melts  at  a  gentle  heat.   It  is  insoluble  in  water,  but  dis-  ^*' 
solves  readily  in  boiling  alcohol.  The  alcoholic  solution  is 
capable  of  reddening  vegetable  blues.  With  some  of  the 
salifiable  bases,  it  forms  compounds  analogous  to  salts. 
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BOOK  II. 


OF  IMPONDERABLB  BODIES. 

Under  this  title  are  included  those  substances,  which  book  il 
cannot  be  weighed,  or  exhibited  in  separate  and  distinct |~^5^ 
masses.  These  bodies  may  be  enumerated  as  liffhtj  heat^OA^htMeB, 
electricity  and  magnetism.    Light  and  heat  only  will  be  *'*•'**' "^ 
noticed  in  this  work.  They  will  be  treated  of  in  the  two  ud!''*^ 
following  chapters. 


CHAPTER  I. 


OP  UGHT. 


U  It  is  intended  to  give  a  very  cursory  sketch  only  of 
ihe  properties  of  light.  This  substance  is  not  legitimately 
an  object  of  chemical  investigations,  although  it  is  concern- 
ed in  a  number  of  chemical  phenomena. 

2.  Light  is  generally  considered  to  be  a  substance,  com-  Properties 
posed  of  inconceivably  small  particles,  constantly  separating  of  I'Sb^ 
from  luminous  bodies,  and  which,  by  entering  the  eye,  ex- 
cite the  phenomena  of  vision.  Some  philosophers,  however, 
consider  light  to  consist  in  the  undulations  of  a  subtle  fluid, 
filling  all  space,  which,  in  a  quiescent  state,  has  not  the 
power  of  exciting  vision  or  of  rendering  bodies  luminous. 

3.  The  most  distinctive  property  of  light  is  its  amazing  i^  nofet 
velocity.  It  has  been  demonstrated  by  Roemer,  a  Danish  with  greet 
astronomer,  that  it  moves  at  the  rate  of  200,000  miles  in  a^^^^' 
second* 

4.  Light  moves  constantly  in  straight  lines.  It  may  be  u  ebang^ 
firequenUy  made  to  change  its  direction;  but  every  new  *?  <*»«*«•- 
direction  will  be  a  straight  line.  As  long  as  a  ray  of  light  entering? 
remains  in  the  same  medium,  its  direction  remains  the  new  in«<fi- 
same;  but  if  it  pass  obliquely  from  a  rarer  to  a  denser  ^  f^^ 
medium,  it  takes  a  new  direction  approaching  a  perpendi-  rcfinMted. 
cular  line,  drawn  from,  the  surface  of  the  new  medium,  at 

the  angle  of  incidence  of  the  ray.  But  if  the  ray  pass  froo^ 
a  denser  to  a  rarer  medium,  it  is  turned  in  a  new  direction 
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Book  ii.  from  the  perpendicular.  This  change  in  the  direction  of 
"""^•""^  light,  when  it  passes  from  one  medium  to  another,  is  called 
ReflecUon  its  refraction.  When  a  ray  of  light,  passing  through  one 
dewribed.  medium,  strikes  against  the  surface  of  another  with  a  cer- 
tain obliquity  of  directioii,  it  is  turned  back  again  in  the 
same  medium.  This  turning  back  of  a  ray  in  one  medium^ 
in  consequence  of  its  impinging  oa  the  surface  of  another 
medium,  is  called  its  reflection.  The  angle,  in  which  the 
..  ray  falls  upon  the  new  medium,  is  called  the  angle  of  inci- 
dence; and  the  angle,  which  it  makes  with  the  same  medium, 
after  it  has  assumed  its  new  direction,  is  called  the  angle  of 
reflection.  The  angles  of  incidence  and  reflection  are  always 
found  to  be  equal. 
Trantpft-        S.  Light,  by  falling  upon  bodies  whose   particles   are 
T^'^Lf^'    uniformly  arranged,   gives   rise   to   what   is  called   their 
^^^         transparency.    When  light  falls  upon  a  transparent  body, 
it  passes  through  it  in  all  directions  without  impediment. 
Rays  of  light  excite  the  vision  of  the  objects  from  which 
they  proceed,  after  having  passed  through  such  bodies, 
nearly  as  well  as  when  passing  in  open  space*  It  is  probable, 
that  light  is  enabled  to  pass  through  transparent  bodies, 
without  restraint,  in  consequence  of  its  being  attracted 
equally  on  all  sides,  thereby  not  being  turned  out  of  its 
Causes  of   Straight  course.   On  the  other  hand,  Dodies  are  opaque, 
ofMcity  and  when  the  rays  of  light  which  enter  their  surfaces  are  irre- 
JJJJJIjJ^''  gularly  attracted  by  their  particles,  whereby  they  arc  im- 
peded and  ultimately  arrested  in  their  progress.  Bodies  are' 
serai- transparent,  when  some  rays  pass  through  them,  while 
others  are  reflected  from  different  points  of  their  interior 
substance. 
Light,  as         6*  Light,  as  it  is  generally  seen,  is  compounded  of 
muaiij       seven  different  kinds  of  light.  It  may  be  decomposed  by 
poondedof  ^^i^S  Passed  through  a  triangular  prism  of  glass.  It  thereby 
•even  kinds  as'sumes  the  form  of  an  oblong  image,  usually  called  spec- 
tMrllgbt*  ^^^^y  composed  of  seven  different  coloured  portions,  each 
portion  produced  by  a  different  ray  of  light.  This  decompo- 
sition takes  place  in  consequence  of  a  difference  in  the  re- 
frangibility  of  the  component  parts  of  light.  Each  part,  in 
consequence  of  this  difference,  is  turned  off  in  a  direction 
peculiar  to  itself,  and  consequently  located  by  itself,  when 
arrested  by  the  interposition  of  an  opaque  surface*  These 
seven  component  parts  of  light,   according  to  the  colour 
which  each  Excites  in  vision,  are  called  red,  orange,  yeUow, 
fii*een,  blue,  indigo  or  violet  light.  They  are  enumerated  in 
nie  order  in  which  they  are  arranged  in  the  spectrum,  which 
?s.a(so  the  order  of  their  refrangibility;  the  red  light  being 
the  least,  and  the  violet  the  most  refrangible. 


T.  WhM  a  coWpOQnd  ray  ft  light  fidb  iipoa  a  body,  all  Cbav.  r. 
hs  elementary  rays  may  be  absdrbed  or  reflected,  or  part  colour  ex- 
of  them  may  be  absorbed  tind  part  reflected.  When  a  body  pitincd. 
absorbs  the  whole  ray  of  lights  its  colour  is  said  to  be 
black;  but,  in  reality,  it  ought  to  be  said  to  have  no  colour, 
as  it  makes  not  an  absolute  but  a  negative  impression  on 
the  optic  nerve*  When  a  body  is  white,  it  is  in  consequence 
of  the  whole  ray  being  reflected  from  its  surface,  and  en« 
tering  the  eye.  When  a  body  absorbs  some  parts  of  the 
compound  ray  and  reflects  other  parts,  its  colour  is  pro- 
duced by  those  rays,  which  are  reflected.  If  the  blue  ray  be 
reflected,  while  the  rest  are  absorbed,  the  body  appears  blue; 
if  the  green  ray,  the  body  appears  green;  and  if  two  or  more 
rays  are  reflected,  while  the  rest  are  absorbed,  the  body  so 
reflecting  will  be  of  a  colour  compounded  of  the  colour  of 
such  rays. 

S.  The  absence  or  presence  of  light  produces  very  re-  Eflbeu  of 
markable  effects  upon  difierent  bodies.    Plants,  in  the  open  ^^^  ^ 
air  exposed  to  the  light  of  day,  generally  reflect  the  green  b^iie^ 
ray  ot  light,  or  are  green;  but  if  placed  in  a  dark  room,  oudei. 
they  acquire  the  property  of  reflecting  the  whole  ray  of 
light  without  decomposition,  or,  in  otner  words,  they  be- 
come white.  Similar  changes  take  place  in  the  ray  reflected 
from  various  metallic  oxides,  in  consequence  of  an  exposure 
to  an  increased  quantity  of  light. 

9.  The  changes,  in  the  colour  of  metallic  oxides  by  light.  Light  w|is« 
are  attended  by  a  deoxidizement  of  these  compounds*   It  ^|^' 
is  not  known  in  what  way  this  chemical  decomposition  the  istter. 
takes  place;  but  it  is  ascertained,  that,  of  the  different  co- 
lorific rays  already  mentioned,  the  violet  has  the  greatest 
deoxidizing  power;  and  that  this  power  decreases  gradually 
towards  the  red  end  of  the  spectrum.   It  appears  by  some 
late  experiments,  that  the  deoxidizing  power  is  possessed, 
to  a  still-  greater  extent,  by  some  rays  which  are  found  a 
little  beyond  the  violet  end  of  the  spectrum.  These  rays 
are  not  colorific,  and,  from  their  most  remarkable  property, 
have  been  called  deoxidizing  rays. 

10.  The  sources  from  which  light  is  emitted  are  very  Soarees  or 
various.  The  principal  ones  are  the  sun,  burning  bodies,  ^^' 
and  heated  bodies.  The  rays  of  the  sun  appear  to  be  com- 
pounded of  rays  of  light  and  rays  of  heat.  The  sun  is 
incomparably  the  most  abundant  source  of  light.  Bodies 
undergoing  combustion  always  emit  light  as  well  as  heat. 
Burning  bodies,  next  to  the  sun,  are  the  most  abundant 
sources  of  light.  All  bodies,  which  do  not  previously  un- 
dergo volatilization  or  combustion,  upon  being  heated  to  a 
certain  temperattxre,  become  luminous,  or,  in  other  words. 
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Book  It  emit  light.  Thus  iron,  upon  ignition,  becomes  first  red  and 
afterwards  white  hot.  To  this  rule,  however,  there  is  one 
exception;  the  gases  do  not  become  luminouS|  in  any  heat 
to  which  they  have  as  yet  l>een  exposed* 


CHAPTER  II. 

OF  HEAT. 

Thewoi^       The  word  heat  is  used  in  two  different  acceptations. 

heat,  nwd  When  a  person  speaks  of  feeling  heat,  he  alludes  to  the 

MM^i^°^  sensation  produced  by  an  accession  of  heat  to  some  part  of 

tiont.         his  body.   Heat,  therefore,  when  spoken  of  with  reference 

to  sensations,  is  always  a  relative  term.  The  sensation  of 

cold  may  be  said,  in  a  philosophical  sense,  to  be  a  sensation 

of  heat;  that  is,  a  sensation  of  caloric  or  the  matter  of  heat 

passing  out  of  the  body.  Hence  it  appears,  that  the  matter 

of  heat  is  the  cause  of  the  sensation  both  of  heat  and  cold; 

and  that  the  difference  in  the  impression  which  it  produces 

depends  alone  upon  the  direction  in  which  its  motion  is 

established  with  respect  to  the  sentient  body. 

Iti  mean-        In  this  chapter,  it  is  the  matter  of  heat,  or  caloric  which 

fagj;;^     is  the  subject  of  consideration.  The  reader  will,  therefore, 

,m„^        take  care  not  to  confound  the  matter  of  heat  with  its  effects 

on  sentient  bodies. 
The  Mh.        The  subject  of  caloric  will  be  treated  of  under  the  six 
^^^^•Jt*  following  heads: 
liiider  lis        1*  The  nature  of  caloric, 
hewb.  2.  The  agencies,  by  which  caloric  is  put  in  motion. 

3.  The  different  ways  in  which  caloric  tends  to  a  state  of 
rest,  after  having  been  put  in  motion. 

4.  The  relative  quantities,  in  which  heat  in  a  state  of  rest 
exists  in  bodies. 

5.  The  changes  produced  by  caloric  upon  bodies. 

6.  The  different  instruments  in  common  use  for  measuring 
the  intensity  of  heat. 

These  heads  will  form  the  tides  of  the  six  following 
sections. 


SECTION  I. 

OF  THE  NATURE  OF  CAIX)RIC 

Tvo  Qpiii-  1  •  Heat  is  considered  by  almost  all  the  philosophers  of  the 
iont  enter-  present  day  to  be  a  substance,  composed  of  inconceivably 
^"^  "^    small  particles.  Count  Rumford  and  Sir  H.  Davy,  how- 
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ever^  are  of  opinion^  that  heat  depends  upon  a  peculiar  Chap.il 
motion,  and  is  not  owing  to  the  presence  of  a  subtle  fluid,  ^^   ^^  ~ 
which  chemists  have  designated  by  the  name  of  caloric.       of  Miorie. 

2.  The  opinion,  that  the  phenomena  of  heat  depend  upon  a 
pecL.liar  fluid,  and  not  upon  a  peculiar  motion  between  the 
particles  of  bodies  exhibiting  such  phenomena,  will  be 
adopted  in  the  present  chapter.  But  whether  heat  be  an 
attribute  of  matter  or  a  substance,  the  facts  detailed  in  the 
following  sections  are  not  the  less  certain. 


SECTION  II.    ^ 

OF  THE  AGENCIES  BY  WHICH  CALORIC  IS  PUT  IN  MOTION. 

1.  All  the  effects  which  caloric  produces  depend  direct-  All  the  d^ 
ly  or  indirectly  upon  its  motion.  Hmce  the  account  of  the^"^**- 
agencies  by  which  it  is  put  in  motion  is  exceedingly  im-  peiki  oa 
portant.    If  it   were  impossible  to  put  caloric  in  motion, 
diere  would  be  no  means  whatever  to  ascertain  its  existence, 
so  essential  is  motion  to  the  active  state  of  caloric. 

2.  Caloric  exists  in  all  bodies,  and  when  in  a  state  of  rest,  Calorie  ex- 
in  different  quantities  in  each.  Upon  whatever  cause  it  may  ^^^  ^" 
depend,  it  is  however  certain,  that  caloric,  after  it  has  at- diei  io  dif. 
tained  a  state  of  rest,  has  arranged  itself  in  different  proper-  '"•"*^|^ 
tional  quantities  among  all  bodies.  Now  the  relative  quan-  ^d^thM 
titles  of  caloric,  existing  in  different  bodies,  with  respect  qnsotitieH 
to  which  this  fluid  is  in  a  state  of  rest,  constitute  what  is  ^1^^^ 
called  the  different  capacities  of  such  bodies  for  caloric.        ftnotber,  b 

3.  The  capacity  for  heat  of  different  bodies    may  ble  ^^*  "?!*:  , 
changed  by  a  varietyof  circumstances*  If  the  capacity  of  a  is  called 
body  be  diminished,  there  is  extricated,  and  put  in  motion  M^^  ^P^' 
in  it,  a  quantity  of  caloric,  which  is  some  time  in  leaving  heat.  ^ 
such  body,  and  in  distributing  itself  among  surrounding  ^he  eena- 
bodies  in  quotas  proportional  to  their  respective  capacities,  city  of  bo- 
with  the  result  of  again  assuming  a  state  of  rest.  During  ^]^|^^ 
such  time,  the  body  possessing  more  than  its  quota  of  calo-  ged  by  te-' 
ric  relatively  to  surrounding  bodies,  becomes  what  is  called  ''*^2"*' 
hot;  and  while  the  relative  excess  of  caloric  which  such  thoe  ohin- 
body   contains   is   distributing   itself  among  surrounding  8«S*^n*« 
bodies,  it  is  said  to  be  undergoing  the  process  of  cooling,  ^t^^ 
At  the  same  time,  the  surrounding  bodies  themselves  are  l«io. 
said  to  be  heated;  that  is,  the  absolute  quantity  of  their  heat 

is  increased  without  any  increase  in  their  capacity.  After 
some  time,  this  heating  of  the  surrounding  bodies  is  not 
perceptible;  since  gradually  more  and  more  distant 
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BooiL  n.  assun^e  a  portion  of  the  caloric,  which  has  become  distri- 
"^  buiablc,*  in  consequence  of  a  body  having  suQered  a  dimi« 

nutipn  of  its  capacity,  the  case  here  supposed* 

4.  The  state  of  rest  of  caloric  is  destroyed,  as  well  by  an 
increase  as  a  ditninudon  of  the  capacity  of  a  body.  Thus, 
if  the  capacity  of  a  body  be  increased,  as  it  does  pot  then 
possess  its  proper  quota  of  caloric  for  its  new  papacity,  the 
c^oric  of  surrounding  bodies  no  longer  remains  at  rest,  but 
each  surrounding,  body  furnishes  caloric  in  proportion  tq 
its   individual  capacity,  compared  with  that  of  the  body 
whose  capacity  is  increased.  This  motion  of  caloric  con- 
tinues, until  at  last  the  relative  quantities  of  caloric,  in  the 
body  whose  capacity  has  been  increased,  and  in  those  which 
surround  it,  become  again  proportional  to  their  respective 
capacities,  when  it  entirely  ceases.  Now  this  new  adjust- 
ment of  caloric,  to  suit  an  increased  capacity  in  a  body, 
cannot  take  place  in  a  moment,  but  requires  some  time;  and 
while  it  is  taking  place,  the  body  with  the  incrtrased  capa* 
city  is  in  the  state  of  receiving  caloric  from  any  other  body^ 
presented  to  it;  or,  in  other  words,  it  is  cold.  But  tvery  mo- 
ment, as  the  caloric  approaches  to  a  state  of  rest,  such  body- 
becomes  less  and  less  cold.  After  the  caloric  has  assumed 
a  state  of  rest,  the  surrounding  bodies,  in  the  case  just  sup- 
posed, contain  less  absolute  heat  than  at  first,  a  fact  which 
is  very  evident  in  the  beginning  even  to  the  senses;  but 
after  the  lapse  of  a  greater  or  less  time,  so  many  surround- 
ing bodies  are  influenced  in  the  general  tendency  to  make 
up  the  distributable  paloric,  wh'^ch  has  become  deficient  by 
the  supposition,  as  to  render  it  impossible  to  estimate  the 
diminished  quantity  in  each  body,  or  to  ascertun  to  what 
digrte  each  has  become  cold. 
Caotet  of        5.  The  view,  ijrhich  is  here  taken  of  the  subject,  supposes, 
of^aiorir*  ^^**  caloric  is  primarily  put  in  motion  by  all  causes  which 
«r«  of  two   influence  the  capacities  of  different  bodies.  When  the  capa- 
kinda:         q\^  ^f  3  body  is  diminished,  it  possesses  a  distributable 
Which  give  cxcess  of  caloric  over  surrounding  bodies,  and  is  said  to 
rite  tea      be  heated:  when  the  capacity  is  increased,  the  distributable 
l>ie  cxeeaa    caloric  of  a  body  becomes  defective,  the  body  itself  absorbs 
of«akRie     caloric  from  surrounding  bodies,  and  is  said  to  be  cold* 
sl^Mi    l^^ncc  ^^^  causes  of  the  motion  of  caloric  may  be  divided 
vhieh  r^.  iuto  those.  which  give  bodies  a  distributable  excess  of  calo- 

4lar4iitrl- 

huuble         . 

^^^  *  This  wordy  as  far  as  T  know,  has  neTer  heen  used  before.  It  is  tywmjmma 

wkh  the  word  tendbk  as  applied  to  beat;  bat  as  it  soitfid  n^  parpQaes»  in  dea- 
eribing  tlie  oiroumitanees  aUendant  apOD  the  motioo  of  ealorw,  better  Uiaii  the 
i^ord  aeruible,  and  is  in  itsdf  better  ealculated  to  \eep  hefi>re  the  mind  the  exact 
id«A  intended  to  be  eonvef  od,  than  the  word  lor  whidi  it  is  iobftitaiady  I  faftfe 
not  hesitated  to  adopt  it. 
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ric^  and  tli^e  wMoh  vender  their  dialrihiitabk  caloric  dc-    Chiv.u. 
fedive. 

6.  The  cauaes,  which  give  bodiaa  a  distributable  excess  of  vbioh  prt 
caloric,  may  nearly  all  be  referred  to  such  as  diminish  capa-  j^  ??  • 
city.  These  causes  are  condensation^  tUiritzon  or  friction^  bie^ezeew 
and  certain  chemical  changra.  Under  the  latter  head  will<>^i»«<^^«i« 
be  included  combustion.  SSj^ut 

7.  There  are  many  familiar  instances  of  the  agency  of  tion'Mid 
condensation  in  producing  a  distributable  excess  of  caloric  *|I^'*** 
in  bodies.  A  piece  of  iron,  by  repeated  blows  of  a  hammer,  Bxunipie, 
may  be  made  to  become  red-hot.  This  is  a  case  of  conden-  of  adiatri* 
•ation,  produced  by  percuesion;  s^nd  that  this  condensation  ^^^"^^  ^?' 
lessens  the  capacity  of  the  iron  for  heat,  is  proved  by  the  Ho  produ- 
fact,  that  a  piece  of  iron  once  hammered  until  it  becomes  of  ^^  by  oon- 
a  maximum  of  density  cannot  be  again  healed  by  this  •'*"'**°°' 
means,  unless  it  be  previously  exposed  to  a  red  heat,  and 
thereby  lessened  in  density  and  increased  in  capacity.  The 
condensation  of  air  is  capable  of  disengaging  a  sufficient 
excess  of  distributable  heat  to  prodi^ce  combuaiion.  Thus, 

if  a  piece  of  tinder  be  placed  in  the  bottom  of  a  svrioge, 
and  the  air  contained  in  the  barrel  of  this  instrument  be  sud* 
denly  compressed  upon  it,  by  quickly  urging  down  the  pis- 
ton, sufficient  distributable  heat  is  evolved  to  set  the  tinder 
on  fire.  The  collision  of  the  flint  and  steel  may  be  meotipn- 
ed  under  the  head  of  condensation.  By  the  stroke,  a  piece 
of  the  steel  is  driven  off  in  a  condensed  state,  which  is 
thereby  heated  sufficiently  to  take  fire  in  the  air.  The  col- 
lision of  two  flints  produces  a  distributable  excess  of  heat 
in  the  same  manner;  but  there  is  this  difference  in  the  result, 
that  the  piece  of  flint  driven  off  does  not  take  fire,  being 
incapable  of  combustion. 

8.  If  the  question  be  asked,  why,  by  condensation,  the 
capacity  of  a  body  for  heat  is  decreased,  it  may  be  answer- 
ed, that  it  probably  depends  upon  the  nearer  approach  of 
the  particles  composing  a  body.  This  approach  increases 
the  repulsive  power  of  the  contained  caloric,  which  is 
thereby  made  to  fly  off  in  the  form  of  distributable  heat. 

9.  Attrition  or  friction  is  capable  of  producing  a  distri-  Exanipl|N 
butable  excess  of  caloric  in  bodies;  but  the  manner  in  ii4iich  ^^^''^ 
It  produces  this  excess  has  never  been  satisfactorily  ex-titeota  * 
plained.  There  is  found  to  be  no  condensation  or  chemical  (iMtributa- 
action  produced,  which  might  occasion  a  decrease  of  capa-  ofc^He. 
city.    It  was  certain  experiments,  vciMtft  to  ascertain   the 
quantity  of  distributable  heat  produced  by  friction,  which 
induced  Count  Rumford  to  deny  the  existence  of  heat  as  a 
substance;  and  to  conclude  that  all  the  effects  attributed  to 

the  matter  of  heat  depended  entirely  upon  peculiar  motions* 

3  I 
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BookIT   Distributable  heat  produced  by  friction  must  therefore  bo 

■       considered,  in  the  present  state  of  knowledge,  as  an  excep- 
tion from  the  general  position,  that  heat  is  thrown  into  a 
distributable  state  by  those  causes  only,  which  decrease  the 
capacities  of  bodies. 
Combos-         10.  Combustion  is  by  far  the  most  usual  means«  employed 
h^t  intoV  '^y  "A^n,  for  putting  caloric  in  a  distributable  sute.  This 
(littt-ibou-  process  appears^  most  evidently,  to  be  one,  in  which  two 
bie  state,     bodies  by  their  union  form  a  third,  which  has  a  capacity 
for  heat  much  less  than  that  of  either  of  its  constituents; 
and  hence  the  appearance  of  heat  in  a  distributable  state* 
This  theory  does  not  explain  the  appearance  of  light  in 
combustion:  but  is  it  not  probable,  that  bodies  may  have 
different  capacities  for  Ught  as  well  as  for  heat;  and  that 
light,  during  combustion,  may  appear  in  consequence  of 
the  diminished  capacity  of  the  product  for  this  fluid? 

11*  The  action  which  is  going  on  in  the  sun  is  the  cause 

of  putting  a  very  large  quantity  of  heat   in   the  distri« 

butable  state.  Philosophers  know  nothing  of  the  kind  of 

action  going  on  in  this  great  luminary;  but,  judging  from 

the  effects  it  produces,  there  is  good  reason  for  believing, 

that  it  is  analogous  to  that  which  takes  place  in  combustion, 

if  not  absolutely  the  same* 

Combustion      12.   Having  now  mentioned  combustion,  as  one  of  the 

exbin^ned    1"^^°^  ^7  ^hich  heat  may  be  thrown  into  a  distributable 

in  Tsrious    State;  it  is  next  proper  to  give  a  short  account  of  the  most 

^*3^"'         remarkable  theories,  which  have  been,  from  time  to  time, 

invented  to  explain  this  wonderful  process. 
Stihrsthe-  IS.  All  the  theories,  invented  before  the  time  of  Stahl, 
ory,  the  appear  to  have  been  crude  and  unsatisfactory.  The  theory 
imporurice  of  Stahl  was  simply  this:  all  combustible  bodies  agree  in 
It  sunpowM]  containing  a  peculiar  substance,  to  which  they  owe  their 
•n  inflam.  combustibility.  This  substance,  Stahl  denominated  phlogis" 
?"^  *^r<'  "e-  '^'*'  ^^co  a  body  burns,  nothing  takes  place  but  the  sc- 
psrate  from  paration  of  phlogiston;  and  the  light  and  heat  which  ap- 
tho  t.iiniing  p^^i-  ^^^^  nacre  properties  of  the  phlogiston,  when  in  a  state 
^'  of  motion.  The  theory  of  Stahl  was  called  the  phlogistic 
theory* 

14.  The  phlogistic  theory  remained  for  a  long  time  t» 

be    almost   universally  admitted,  as   well  because  it    was 

easily  understood,  as  that  its  ingenious  author  supported  it 

by  many  exf>eriments  and  apparent  proofs. 

Suhl'sthe-      15.  The  first  important  modification,  which  the  Stahlian 

^^™**^' theory  received,  was  that  given  to  it  by  Priesdey.  This 

Priestley,    chemist  found,  that,  when  a  combustible  is  allowed  to  bum 

until  it  becomes  extinguished  in  a  portion  of  air  in  a  close 

vessel,  the  air  is  altered  in  its  properties,  and  is  no  longer 


I 
% 


CALORIC.  ^  435 

fit  to  support  this  process.  To  account  for  the  change  pro«  c»Ay.n. 
duced  in  air  by  combustion,  he  supposed,  that  the  phlogis- 
ton of  the  combustible  united  with  the  oxygen  of  the  air, 
rn  which  the  combustible  was  burnt.  Under  the  influence  of 
this  theory,  he  called  oxygen  gas,  dcphlogisticated  air;  that 
is,  air,  which,  by  reason  of  its  not  containing  phlogiston,  is 
fit  to  attract  phlogiston  from  combustibles,  or,  in  other  words, 
to  cause  them  to  bum.  On  the  other  hand,  air,  which  had  been 
altered  by  combustion,  he  called  phlogisticated  air;  that  is, 
air  saturated  with  phlogiston,  derived  from  burning  bodies 
during  their  combustion.  Priestley's  modification  of  Stahl's  PrietUey's 
theory  changed  entirely  the  leading  features  of  the  latter.  JJJ^rie?*'* 
Stahl's  phlogiston  produced  the  light  and  heat  of  combust  oompared. 
tion:  Priestky's  phlogiston  was  no  sooner  separated  from 
the  combustible  than  it  cofnbined  with  the  air  which  sup* 
ported  the  combustion.  Stahl's  theory  required  for  combus- 
tion merely  a  combustible  and  a  sufficient  heat  to  com- 
mence the  separation  of  the  phlogiston:  Priestley's  theory, 
besides  these  prerequisites,  made  the  presence  of  some 
body  necessary  to  attract  the  phlogiston  from  the  combus- 
tible. In  Stahl's  theory,  one  set  of  bodies  only  were  con- 
cerned, namely  bodies  containing  phlogiston:  in  Priestley's 
theory,  besides  such  bodies,  a  set  to  attract  phlogiston  from 
the  combustible  were  also  necessary.  According  to  Priest- 
ley, a  combustible  became  dephlogisticated  by  beinc^  burnt; 
while,  on  the  other  hand,  his  supporters  of  combustion  were 
phhffisticatedj  by  having  combustible  bodies  burnt  in  them. 

16.  Priestley's  theory  appeared  to  leave  unaccounted  for  Priestley's 
the  appearance  of  light  and  heat  during  combustion.  This  ^^^J'^J ''^^ 
point  Stahl  attempted  to  explain  by  referring  these  princi-  for  the  ap- 
ples to  the  motion  of  the  separated  phlogiston.  Dr.  Craw-  R®?"*"*J  ^ 
ford,  in  order  to  remove  this  difficulty,  made  an  addition  hf at  Tn" 

to  Priestley's  theory,  by  supposing,  that,  when  the  phlogis*  combustion. 
ton  of  a  burning  body  united  with  the  air  by  which  the 
combustion  was  carried  on,  at  the  same  moment  there  is 
separated  from  such  air  a  quantity  of  light  and  heat. 

17.  The  theory,  as  amended  by  Dr.  Crawford,  was  cer- 
tainly more  satisfactory,  as  it  accounted  for  the  appearance 
of  the  light  and  heat  of  combustion;  but  still  it  contended 
for  the  existence  of  a  substance  entirely  hypothetical.  Phlo- 
giston was  supposed  to  exist  by  Stahl,  only  because  the 
supposition  was  convenient  for  him:  no  succeeding  chemist 
had  proved  its  existence  by  experiments 

18.  To  remove  this  objection,  Kirwan  substituted  hydror 
gen  for  phlogiston,  and  attributed  to  it  almost  every  agency, 
which  had  been  previously  assigned  to  the  inflammable 
principle*   He  supposed,  that  every  combustible  contained 
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thMMc  n.  hytArogea,  and  that,  daring  combustioa,  hydrt>geii  Mparated 

''       ^froin  the  oombttstibk  and  combined  wilh  Ac  oxygea  of 

the  air. 

toirdueft      t%  About  thc  tioie  that  the  StaUian  theory  received  its 

olrmnraisd  ^^^  modification  from  Kirwan,  Lavoisier  made  kaowo  to 

the  Suh-    the  workl  his  discoveries;  by  which  he  was  supposed  to 

in  AinuT'  prove^  that  in  every  case  of  combustioD,  oxygen  combines 

foi^i!        widi  the  buming  body,  and  separates  £rom  the  light  and 

heat  previously  combined  with  it  when  in  the  gaseous  state* 

The  product  is  incombustible,  since  it  is  entirely  saturated 

with  oxygen^  and  is  therefore  incapable  of  occasioning  tks 

emission  of  more  light  or  heat,  by  a  further  coaftbiaatkn 

with  this  principle. 

SO*  The  theory  of  Lavoisier,  called  the  antipUogistic 

dieory,  very  soon  overturned  the*  modified  StaUian  docttinti 

which  had  been  previously  almd^t  universally  admitted* 

Chemists  with  very  few  exceptkNis  adopted  the  new  doc* 

trine,  and  had  no  longer  recourse  to  the  hypothetical  sub* 

stance  phlogiston  to  explain  the  process  of  combusticm. 

LaToitier-        21.  The  theory  of  Lavoisier,  although  true  in  the  main, 

■appos!^  nevertheless  has  required  considerable  modifications  to  ren* 

bat  one      der  it  consistent  with  the  light  of  more  modem  discoveries* 

rapporter    According  to  Lavoisier,  oxygen  is  the  only  body  which  is 

tion;  iiiime-<^apiible  of  supporting  combustion,  or,  in  other  words,  of 

I7  <»ys«n:  separating  from  its  light  and  heat,  in  the  act  of  combining 

etcr",^^' with   a   combustible.    Subsequent  experiments,  however^ 

beendiMo-  have  provcd  this  position  to  be  untrue;  fOr  it  has  been 

vered.        found,  that  several  bodies,  besides  oxygen,  combine  with 

combustibles  in  such  a  manner  as  to  exhibit  the  phenomena 

of  combustion.  Hence,  therefore,  instead  of  there  being  but 

one  supporter  of  combustion  as  Lavoisier  supposed,  there 

are  at  least  three,  if  not  four.  The  discovery  of  a  {durality 

of  supporters  does  not,  however,  destroy  the   tbieory  of 

Lavoisier,  it  men^ly  enlarges  its  boundaries. 

22.  The  reader  has  already  been  made  acquainted  with 
the  division  of  chemical  bodies,  with  reference  to  combus* 
tioi),  into  supporters  of  combustion,  incombustibles,  and 
combustibles.  The  foundation  of  this  division  is  very  Intel* 
ligibk  and  need  not  be  explained  here. 
Someofthe     23.  According  to  the  theory  of  Lavoisier,  the  whole  of 

theUrd.  ^^  ^^^^ ^^^  ^^^^  appearing  in  combustion,  is  furmshed  by 

sicrian  the-  the    supporter.    Some   very   valid    objections   have  been 

^^^^^- brought  against  this  supposition  by  Dr.  Thomson.    This 

Tboniaon.   chemist  has  observed,  that  the  quantity  of  heat  evolved  ia 

combustion  is  always  greater,  the  greater  the  proportional 

quantity  of  a  supporter  which  combines  with  a  combuatibic; 

but  that  the  reverse  of  this  is  the  case  with  regard  to  the 
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light  emitled*  For  exanpk,  the  heat  evolved  by  ike  oom^  Gmj».VL 
b«»tioa  of  bydrogeOf  carbon^  and  pboaphorua  is  greater,  in  *^ 

proportion  as  the  quantities  of  ozygeo  which  they  eonsome 
are  greater;  but  the  light  evolved  to  the  same  process  is 

E eater  where  the  heat  is  less*  It  is  on  this  account,  that 
r»  Thomson  thinks  it  probable,  that  the  light  which  appears 
in  combustion  is  derived  from  the  combustible,  while  the 
supporter  furnishes  the  heat*  There  are  several  circa  m« 
stances  which  make  diis  opinion  very  plausible,  but  it  is 
not  lesa  certain  that  some  others  militate  agamat  it. 

24.  After  all,  the  doctrines  of  combustion,  as  generally  Doetrinet 
received,  do  not  appear  to  be  entirely  confirmed  by  more^^™^]^ 
recent  investigations*  During  certain  combinationslbf  com*  ^^hj 
bustiUcs  with  each  other,  both  light  and  heat  are  emitted;  r«««n5  <^ 
and  therefore  the  chemical  action  which  takes  place  cannot  ^^*'*^ 
be  distinguished,  in  a  philosophical  sense,  from  combustion* 
This  is  the  case  in  the  combination  of  potassium  or  sodium 
with  sulphur*   During  the  combination  of  sulphur  and  cop« 
per  filings,  there  ia  so  much  heat  evolved,  that  the  com- 
pound becomes  red-hot,   or,  in  other  words,  luminous. 
Cyan6gen  gas,  formed  of  azote  and  carbon,  an  incombus- 
tible and  a  combustible,  appears  not  only  to  be  combustible, 
but  also  a  supporter  of  combustion;  for  it  bums  in  air,  the 
products  being  carbonic  acid  and  azote,  and  supports  the 
combustion  of  potassium,  which  absorbs  it  without  decom- 
position. Hence  the  cyanodide  of  potassium,  whose  ultimate 
constituents  are  two  combustibles  and  one  incombustible,  is 
nevertheless  a  product  of  combustion* 

35*  It  thus  appears  pretty  evident,  that  the  faets  at  pre-  The  faett 
sent  known  relating  to  combustion  cannot  be  arranged  upon  «<>nneeted 
principles  founded  on  general  analogies.  Chemists  have  dis-  pmeat^ re- 
covered so  many  gradations  in  chemical  action,  attended  by  aim  to  yield 
the'  emission  of  light  and  heat,  from  the  most  intense,  as  ^  MnenS^ 
occurs  in  strongly  marked  cases  of  combustion,  to  thatuaon. 
which  is  attended  with  but  a  feeble  emission  of  these  prin- 
ciples, that  it  has  been  difficult  to  determine  what  chemical 
actions  are  combustions  and  what  are  not*  The  new  disco- 
veries, however,  seem  to  make  it  necessary  to  distinguish 
those  chemical  actions  which  are  attended  with  flame,  from 
those  attended  by  the  emission  of  light  and  heat  without 
flame* 

26*  Upon  the  whole,  in  the  present  state  of  knowledge  oifBeulty 
on  combustion Y  it  does  not  appear  estpedient  to  attempt  topfthesab- 
setde  any  general  principles  to  explain  the  process*  All  that^^^^ 
can  be  safely  asserted  on  the  subject  is,  that  it  is  chemical 
action  attended  with  the  emission  of  light  and  heat*  The  Defecu  oT 
distinction  of  supporter  of  combustion  and  combustible  the  usual 
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Book  IL  cannot  properly  be  preserved;  for  by  possibility  every  sup- 
^j^ijl^of  porter  may  on  some  occasion  become  a  combustible,  and 
bodies,  every  combustible  a  supporter*  How  tben  is  the  chemist  to 
wmbimiw.  ^^i^i<^  which  are  combustibles  and  which  sopportersf  In 
a  philosophical  sense,  when  oxygen  and  hydrogen  unite, 
the  oxygen  may  be  said,  with  equal  propriety,  to  bum  in 
the  hydrogen,  as  the  hydrogen  in  the  oxygen;  for,  without 
doubt,  the  combustion  of  these  gases  might  be  effected  by 
causing  a  small  stream  of  oxygen,  raised  to  the  proper 
temperature,  to  pass  into  an  atmosphere  of  hydrogen.  Un- 
der such  circumstances,  the  oxygen  might  be  said  to  bum 
in  the  hydrogen;  but  the  process  is  in  no  wise  different 
from  that  of  burning  hydrogen  in  oxygen;  since  the  union 
takes  place  only  where  the  gases  are  in  contact.  Again,  a 
body  may  be  incombustible  with  reference  to  oxygen,  but 
how  is  the  chemist  to  be  certain,  that  it  is  so  with  reference 
to  every  other  substance?  Although  it  may  not  form  a  com* 
bination  with  oxygen  with  the  emission  of  light  and  heat,  is 
it  impossible  that  it  should  combine  with  some  other  body 
with  the  emission  of  these  principles?  No  body  can,  there- 
fore, be  said  to  be  necessarily  incombustible. 

27.  Whatever  theory  is  adopted  respecting  combustion, 
this  position  may  be  assumed  as  certain,  that,  in  every  case 
of  this  process,  quiescent  heat  is  changed  into  distributable 
heat;  or,  in  other  words,  the  product  is  not  capable  of 
holding  in  a  quiescent  state  as  much  heat,  comparatively 
with  other  bodies,  as  its  constituents  were  before  undergo- 
ing the  process*  Now  this  peculiar  alteration  in  bodies  im- 
plies a  decrease  in  their  capacity.  Consequently  the  products 
of  all  combustions  must  possess  a  less  capacity  for  heat 
than  the  mean  capacity  of  their  constituents* 

28*  The  consideration  of  combustion,  as  a  cause  of  putting 

quiescent  heat  in  a  distributable  state,  being  finished,  the 

remaining  causes,  which  have  the  same  agency »  will  now  be 

considered* 

Mierehe-      29*  Other  chemical  combinations,  besides  those  which 

mieaie^-are  attended  by  combustion,  throw  quiescent  heat  into  a 

Smnbiift-  ^  distributable  state*  These  combinations  generally  take  place 

tkHi,  pat     between  liquids,  but  sometimes  between  gases*  As  a  gene- 

2ca^i?    ^  ''^^^^  ^^  ^^y  ^  ^^^^t  that  the  compound  formed  suffers  a 
diitribota-  decrease  in  density*   Now  this  is  what  would  naturaUy  be 
Me  state,    expected  to  occur;  since  these  mixtures  suffer  a  decrease  in 
capacity,  as  is  evinced  by  their  being  incapable  of  holding 
as  much  heat  in  a  quiescent  state  as  their  constituents  se- 
parately. 
Enmpiei        30*  As  instances  of  chemical  combinations,  other  than 
^emieai     combustions,  in  which  quiescent  heat  is  thrown  into  a  dis- 

ohanfes. 
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^butable  state,  may  be  mentioned  the  combtnaticm  of  anl*  c«Ag.n. 
phunc  acid  and  water,  of  alcohol  and  water,  or  of  ammonia*     ^ 
cal  gas  and  hydrochloric  (muriatic)  acid  gaa.  There  are 
innumtrable  instances  of  this  kind,  occurring  in  almost  every 
chemical  change. 

31.  Before  closing  the  actount  of  the  different  means,  by  Eleetridty 
which  quiescent  heat  is  thrown  into  a  distributable  state,  it  P^ts  quiet- 
is  proper  to  mention  electricity.  This  fluid,  more  especially  ^^^^uoo.  "^ 
when  set  in  motion  by  means  of  the  galvanic  apparatus,  is 
capable  of  putting,  very  suddenly,  a  great  quantity  of  qui- 
escent heat  in  a  distributable  state,  and  of  causing  as  in- 
tense a  degree  of  heat  as  can  be  produced  by  any  other 
means.  It  is  not  possible  to  explain  this  agency  on  the 
general  principles  of  decreased  capacity.    It  may  therefore^ 

like  friction,  be  considered  an  exception  to  the  position, 
heretofore  laid  down,  that  all  agencies,  which  convert  qui- 
escent heat  into  distributable  heat,  produce  a  decrease  of 
capacity  in  the  bodies  upon  which  they  act* 

32.  Having  finished  die  account  of  the  different  ways,  in 
which  the  quiescent  heat  of  a  body  may  be  diminished  and 
part  of  it  converted  into  distributable  heat,  and  thus  com- 
pleted the  history  of  one  of  the  ways  by  which  heat  is  put 
in  motion;  the  other  way,  by  which  heat  is  disturbed  from 
its  quiescent  state,  comes  next  under  ccmsideration. 

33.  This  other  way  depends  upon  an  increase  of  capacity  Heat  ii  pat 
in  a  body*  After  undergoing  an  increase  of  capacity,  a  body  >»  motioa 
requires  a  larger  share  of  quiescent  heat,  comparatively  with  !^^tieaf ' 
that  possessed  by  surrounding  bodies.  Hence  part  of  thetMiD««M« 
caloric  of  surrounding  bodies  is  put  in  motion,  and  thereby  ^^^^^ 
becomes  distributable;  but  ultimately,  by  combining  with 

the  body  whose  capacity  has  been  increased,  it  becomes 
quiescent.  This  motion  continues,  until  the  caloric  has  ad- 
justed itself  in  the  body  whose  capacity  has  been  increased 
and  in  surrounding  bodies,  in  such  quotas  as  to  suit  the  new 
relation,  which  the  capacity  of  the  altered  body  bears  to  the 
capacities  of  surrounding  bodies.  In  all  such  cases,  cold  is  Cold  ai- 
produced;  since  the  heat  of  surroundipg  bodies  is  first  ren-  ^^  f^^ 
dered  distributable,  and  ultimately  becomes  quiescent  ingacheueB. 
the  body  whose  capacity  has  been  increased,  or,  in  other 
words,  all  surrounding  bodies  yield  up  part  of  their  caloric, 
which  passes  into  the  body  whose  capacity  has-been  in- 
creased. 

34.  All  the  causes  of  increased  capacity  of  bodies,  or,  in  Caaaet  of 
other  words,  of  the  production  of  cold,  appear  to  be  chemi-  >B«r«^Md 
cal.  Evappration  is  a  very  powerful  means  of  producing  boSol  ara^ 
cold,  and  acts  by  increasing  capacity.  Many  chemical  com-  always  «li«- 
binationa  result  in  an  increase  of  capacity  in  the  compound  ^ 
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Bowk  It  fbnnedf  md  eooMqiufndy  produce  cold.  TbcM  conttflt  ge- 
nerally of  different  kinds  of  salu  mixed  with  water,  mi 
are  called  frigorific  mucturee. 


SECTION  IIL 

OOP  THE  DTPFERENT  WAYS,  IN  WHICH  CALOBIC  TENDS  TO  A 
STATE  OP  REST,  AFTER  HAVING  BEEN  PUT  IN  MOTION. 

1.  Haviho  in  the  foregoing  section  e3q>lained  the  different 
ways  in  which  caloric  is  put  in  motion,  the  suhjeet  pasaee^ 
by  a  natural  transition,  to  the  conaideration  of  the  different 
Bodiei  are  Hiodes  in  which  it  tends  to  a  state  of  rest*  And  here  it  will 
often  he«t.  be  proper  to  remark,  that  it  is  from  the  tendency,  which 
^J^e^ljy  ^distributable  beat  has  to  assume  a  state  of  rest,  that  bodies 
eidoric  to  are  most  generally  heated*  In  the  last  section,  it  hae  been 
^^^^  *  shown  bow  heat  is  primarily  set  in  motion,  90  aa  to  beeome 
rest  a  heating  cauaes  but  an  e  vess  of  distributable  heat  may  be 

accumulaled  in  many  bodies,  in  which  it  is  not  prinuMrily 
set  in  motion;  and  this  depends  upon  no  other  cause  than 
the  tendency  which  heat:,  in  the  distributable  state,  has  to 
assume  a  quieseent  state*  Thus  combustion  is  a  primary 
cause  of  putting  heat  in  a  distributable  state;  but  there  is 
no  inherent  power  in  a  stone  to  produce  the  same  effect* 
Neverthelesa,  if  a  stone  be  put  in  the  fire,  the  distributa- 
ble heat  of  the  latter,  in  its  tendency  to  rest,  first  meets 
with  the  stone  and  heats  it;  the  fire  is  constantly  parting 
with  beat  to  the  atone,  and  the  stone  to  the  hearth  upon 
which  it  rests,  or  to  the  air  which  surrounds  it*  It  is  in 
this  way,  that  bodies,  which  cannot  originate  a  distributable 
eseess  of  heat,  are  heated  during  the  cooling  process  of 
those  which  can* 
HeatiBiBo-     ^-  The  principal  ways  in  which  beat  tends  to  a  state  of 
tk»  tends  rcst  are  by  radiation  and  conduction*  The  account,  there- 
^*/^^^fore,  of  the  manner  in  which  heat  is  radiated  and  conducted 
dkitioB  «Mi  will  comprise  all  that  is  necessary  to  be  aaid  in  this  soctian* 

oaodaction. 

I.  OP  THE  RADIATION  OP  HEAT. 

Radktion     .  1*  When  a  body  is  made  to  contain  by  any  means  a  dis* 

•ipiMiied.  tributable  excess  of  caloric,  one  way  in  which  this  excess 

tends  to  a  state  of  rest  is  by  passing  off  in  right  lines  in  all 

directions  from  its  surface*  This  peculiar  manner  of  passing 

off  of  caloric  from  a  body  is  called  radiation* 

l%e  s-  S.  From  die  experiments  of  Leslie,  it  appears,  that  the 

n^t  ^   quantity  of  heat  distributed  by  radiation  depends  almost 

off  bj  ndi-  entirely  upon  die  nature  of  the  radiating  surface*  This  phi- 
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loBophcr  fiUed  with  boUlog  water  a  thin  globe  of  bright  tin,  Cba>,  ir 
and  found,  that  the  water  took  156  minutes  to  cool  down  half  ^^^^  j^. 
way  from  its  original  teroperatnre,  to  that  of  the  room  in  p«ndt  upon 
which  the  experiment  waa  made.  The  same  experiment  be-  of^^ii^e^iidu 
ing  repeated  with  this  variation  onlj,  that  the  tin  globe  was  ating  mit- 
covered  with  a  thin  coating  of  lampblack,  the  hot  water  '^^^' 
took  but  81  miimtes  to  cool  to  the  same  temperature.  From 
this  it  was  evident,  that  hot  water  in  a  tin  globe  cooled 
nearly  twice  as  fast,  when  its  surface  was  covered  with  a 
coating  of  lampblack,  as  when  it  was  clean  and  bright.  No- 
thing could  exemplify  more  strongly  the  effect  of  surface  in 
increasing  radiation  than  this  simple  experiment. 

3.  Heat  distributes  itself,  by  radiation,  in  all  directions  Heat  rswii- 
Irom  the  surface  of  a  hot  body;  but  most  copiously  in  a  di-  ^j^^^^^j 
rection  perpendicular  to  the  radiating  surface.  For  exam-  from  auWa.' 
plr,  it  was  found  by  Leslie,  that,  when  a  tin  canister,  fiUed<^^- 
with  hot  water,  is  presented  without  any  obliquity  to  a  re- 
flector, the  effect  is  greatest,  as  ascertained  by  a  thermome- 
ter placed  in  its  focus,  and  that  it  becomes  less  and  less 

in  an  oblique  position,  according  to  the  degree  of  obliquity* 

4.  Leslie  has  found,  that  different  substances  differ  very 
much  in  the  radiating  power  of  their  surfaces.  This  he  as- 
certained by  applying  different  substances  in  succession  to 
one  side  of  a  canister,  filled  with  hot  water  and  placed  be- 
fore a  reflector.  The  effect  of  each  was  measured  by  the 
degree  of  heat  observed  in  the  focus.  The  following  are  the 
principal  results  of  these  trials. 

Taking  the  radiathig  power  of  lampblack  as  100,  Rudiatin]^ 

that  of  writing  paper  will  be         98  ilf^r**"  ^ 

of  crown  glass  90  substanc** 

of  ice  85 

of  tarnished  lead  45 

<^  clean  lead  19 

of  polished  iron  1 5 

of  tin  plate  13 

of  gold,  silver,  or  copper       12 

5.  From  these  experiments,  it  appears,  that  metals  dis- 
tribute less  heat  by  radiation  than  any  of  the  bodies  tried. 
The  radiation,  however,  is  influenced  not  only  by  the  nature 
of  the  substance,  but  also  by  the  nature  of  the  surface  in  the 
same  substance.  In  the  foregoing  statement,  it  is  seen,  that  the 
radiation  of  clean  lead  is  19,  whereas  that  of  tarnished  lead 
is  ad  high  as  45.  The  smoothness  of  the  surface  of  a  metal 
being  destroyed  increases  its  radiating  power.  Thus,  if  the 
aide  of  a  bright  tin  canister  produce  a  radiation  equal  to  12, 
by  rubbing  it  in  one  direction  with  fine  sand  paper,  thik  ra- 

3K 
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Book  U,  diating  effect  will  be  increased  to  32;  but  when  rubbed  in 
the  cross  direction,  the  effect  is  somewhat  diminished. 

6.  Radiating  heat,  when  it  falls  upon  different  bodies^ 
may  be  absorbed  or  reflected,  or  pardy  absorbed  and  pardy 
reflected.  The  nature  of  the  body  and  of  the  surface  varies 
AiMorbing  '^'^^  much  these  circumstances.  It  has  been  found,  that 
power  of  a  those  bodies  and  surfaces,  which  have  the  greatest  radiating 
rc^^prol  P^^^^i  l^^ve  also  the  greatest  absorbing  power.  This  is  what 
portiooai,  might  have  been  expected;  since  it  is  reasonable,  that  the 
fleetto  ***  **™^  peculiarities,  which  enable  heat  to  pass  out  of  a  sur- 
power  to-  face  in  the  greatest  abundance,  would  also  enable  it  to  pass 
▼eneijr  in.  On  the  other  hand,  it  has  been  found,  that  the  worst  ra- 
hi',T»^u  ra-  diating  surfaces  are  the  best  reflecting  surfaces;  or,  which 
dialing  is  the  same  thing,  that  the  worst  absorbing  surfaces  are  best 
y^^'       suited  for  reflecting. 

i^t'roft"/       ^*  Hadiating  caloric  is  capable  of  being   refracted  by 

be  refraot-  transparent  bodies,  as  well  as  of  being  reflected  by  surfaces; 

^  and  in  this  way,  it  may  be  very  much  concentrated,  as  well 

as  by  reflection.  The  radiating  caloric,  emitted  by  the  sun, 

may  be  so  concentrated  by  refraction,  as  to  produce  as  pow« 

erful  a  heat  as  can  be  excited  by  any  other  means. 

Radiation        8*  From  the  experiments  of  Leslie,  it  appears,  that  radia- 

uk<-8  piaoe  ^Jqq  q^j^  ^)^q  place  in  elastic  media  only.  In  common  cases, 

media  only,  the  medium  IS  atmospheric  air;  but  as  uur  as  ms  experi- 
ments have  gone,  radiation  does  not  appear  to  be  influenced 
by  the  particolar  elastic  medium  in  which  it  occurs.  It,  how- 
ever, decreases  in  proportion  to  the  rarefaction  of  the  medi- 
um, and  at  different  rates  in  different  media. 

II  OP  THE  CONDUCTION  OP  HEAT. 

Conduction  1.  If  one  end  of  a  bar  of  iron,  20  incheslong;  be  put  in 
emplSed^'  the  fire,  it  is  some  time  before  the  other  end  experiences  any 
increase  of  heat.  From  this  it  is  evident,  that  heat  takes 
some  time  to  travel  through  a  bar  of  iron.  This  slow  man- 
ner, in  which  heat  distributes  itself  under  the  circumstances 
just  stated,  is  called  its  conduction. 

2.  It  is  in  this  way  that  heat  always  distributes  itself  in 
solid  bodies.  In  the  same  mode,  it  may  be  distributed  through 
liquids  and  gases;  but  with  far  less  celerity  than  by  other 
means  to  be  explained  presendy. 
and  ex-  8.  The  explanation  of  the  conduction  of  heat  appears  to 

plained.  (^^  this:  whatever  quantity  of  heat  is  absorbed  by  the  exterior 
stratum  of  particles  exposed  to  the  heating  cause,  a  propor- 
tion of  it  is  immediately  transferred  to  the  stratum  under- 
neath: and  whatever  quantity  of  heat  is  thus  transferred  to 
a  substratum,  a  proportion  of  it  is  immediately  transferred  to 
It  hat  it!  U.  the  next  stratum,  and  so  on  for  any  number  of  strata  within 
^^  a  certain  limit.  These  transfers  may  be  said  to  depend  upoa 


CALORIC.  443 

the  affinity  of  the  different  strata  for  caloric;  but,  be  this  as  CHAr.ll. 
it  may,  it  certainly  takes  place  upon  the  same  general  prin-  ' 

ciples,  that  distributable  heat  will  combine  with  all  bodies, 
whose  quotas  of  caloric  are  relatively  defective* 

4.  The  limit,  which  obtains  with  regard  to  the  conducting  This  limit 
power  of  bodies,  depends  upon  the  quantity  of  caloric,  with  ^^^"1^ 
which  they  will  combine  before  they  chan^^  their  state  as  to  qaantity  of 
^KgX^mtion.  Every  dose  of  caloric  absorbed  by  a  conduct-  ^?7^  ^ 

,oo     o  y  ^  which  »bo- 

mg  body,  ezceptmg  that  which  changes  its  state,  causes  an  d*  h  caiM- 
increase  of  temperature;  but  this  dose,  being  necessary  tob><eorre. 
preserve  the  body  in  its  new  state,  becomes  a  necessary  con-  f^^i    *" 
stituentof  it*  It  is  on  this  account,  that  almost  all  solids  are  changes  its 
conductors  at  the  common  temperature  of  the  atmosphere, '^^' 
because  they  are  capable  of  being  Heated  without  changing 
their  state*  The  particular  temperature,  at  which  solid  bo- 
dies cease  to  be  conductors,  is  that  at  which  they  melt*  Thus 
ice  is  a  conductor  at  any  temperature  under  32^;  but  any 
accessions  of  heat,  which  it  receives  when  at  that  tempera- 
ture, cannot  be  conducted,  since  they  are  employed  to  change 
its  state* 

5*  Liquids  are  capable  of  conducting  caloric;  but  it  is  Heat  may 
Bot  by  the  conduction  of  heat  that  they  are  generally  heat-  |I"\r  v*^ 
ed*  The  heating  cause  is  usually  placed  underneath  a  vessel  UndaJ 
containing  a  liquid,  and  its  lowermost  stratum  is  first  affec-  tbn  in  li- 
ted*  It  is  thereby  rendered  lighter  than  the  superincumbent  ^^  '* 
strata,  and,  from  a  well  known  law  of  the  pressure  of  fluids, 
is  made  to  move  towards  the  surface.   This  occurrence 
presents,  to  the  influence  of  the  heat,  a  new  stratum  of 
liquid,  which  in  its  turn  moves  towards  the  surface  for  the 
same  reason.  In  this  way,  after  some  time,  all  the  strata 
will  have  presented  in  succession  to  the  heating  cause*  Now 
it  must  be  evident,  that,  by  these  intestine  motions,  liquids 
are  heated  in  quite  a  different  way  from  the  mode  which 
takes  place  by  conduction,  and  much  more  rapidly  too.   It 
is  on  this  account,  that  liquids  are  said  to  become  heated 
principally  from  their  property  of  carrying  or  transporting 
caloric*   When  heat  is  thus  applied  to  liquids,  after  some 
time,  all  their  particles  will  have  combined  with  as  much 
caloric  as  they  can  receive  without  changing  their  state* 
When  the  heating  process  has  arrived  at  this  point,  the  Bottiog  ex- 
undermost  stratum  of  the  liquid,  upon  receiving  the  smallest  P**"*^* 
accession  of  caloric,  assumes  the  elastic  form,  passes  through 
the  superincumbent  strata,  and  is  emitted  at  the  surface  in 
the  form  of  a  bubble*  Liquids,  when  thus  affected  by  the 
agency  of  heat,  are  said  to  boil* 

6*  The  conducting  power  of  liquids  is  evinced  when 
they  are  heated  from  their  surface*  Under  sach  circum- 
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Book  IL  BtanceB,  the  caloric  is  traisferred  downwards  horn  stntom 
to  stratum^  and  communicates  temperature,  without  the 
of  any  intestine  motion. 


SECTION  IV. 

WHBN  IN  A  STATE  OF  REST,  IN  WHAT  RELATIVE  (HJAlfTI- 

TIES  HEAT  EXISTS  IN  BODIES. 

Heat  exisu      !•  As  preparatory  to  the  explanation  of  the  manner,  in 

in  irifferent  which  hsat  IS  put  in  motion,  it  became  necessary  to  inform 

the'rame    the  reader,  that  heat,  when  in  a  state  of  rest,  exists  in  very 

teini>eni-    di£Ferent  quantities  in  different  bodies*  It  is  the  design  of  the 

ftrenr  ^ '  present  section  to  bring  forward  the  proofs  of  this  asserdon. 

qiumtitiei.       2,  If  two  portions  of  water  be  taken  of  equal  weights, 

one  of  which  is  heated  to  the  temperature  of  lOOP,  and  the 

other  to  that  of  50^,  and  mixed  together,  their  temperature 

after  mixture  will  be  75%  the  exact  mean  of  the  two  tempe* 

ratures  before  mixture.    But  if  the  experiment  be  repeated 

with  equal  weights  of  spermaceti  oil  and  water,  the  former 

at  the  temperature  of  SCPj  and  the  latter  at  the  temperature  of 

100^,  the  temperature  of  the  mixture,  instead  of  being  a 

mean  of  the  first  temperatures,  will  be  found  to  be  83^^. 

Consequently  the  water  has  lost  16|^  and  the  oil  gained 

33|^;  or,  in  other  words,  the  superabundant  heat  in  the  wa^ 

ter,  instead  of  being  divided  equally  between  the  oil  and 

the  water,  is  divided  in  unequal  quotas  between  th^m,  when 

it  has  assumed  a  state  of  rest.  Now  this  experiment  shows, 

that  the  quantum  of  heat,  corresponding  with  50  degrees  of 

.temperature  for  water,  after  having  distributed  itself  between 

equal  weights  of  oil  and  water  at  the  samue  temperature, 

raises  both  these  liquids  33^^;  but  as  the  water  receives 

f  ds  of  this  quantum  of  beat,  and  the  oil  only  |d;  thare- 

fore  the  inference  is  clear,  that  it  takes  twice  as  much  heat 

to  raise  the  temperature  of  water  33^  degrees,  as  it  does  to 

raise  spermaceti  oil  the  same  number  of  degrees. 

DittribQta-      3^  Now  it  is  found  to  be  universally  true,  that,  when  any 

w^fueif ''  ^^A^^^^y  ^^  distributable  heat  has  adjusted  itself  among  any 

inWerent  numbtr  of  bodies,  so  as  to  have  assumed  a  state  of  rest,  it 

n««tM^     is  very  far  from  having  distributed  itself  in  equal  quanpties 

dieal^ind'    among  them,  but  has  entered  into  each  body  in  various  quo- 

these  quo-  tas;  and  these  different  quotas,  compared  with  each  ^her,  are 

neatorasc^^c  measures  of  the  capacities  for  heat  of  such  bodies  rea- 

theircapa-  pectively. 

^^*^''  4.  Thus,  if  any  quantity  of  distributable  heat  adjusts  itself, 

in  a  state  of  rest,  between  any  two  bodies,  in  proportions  as 
two  to  one;  then  that  body,  which  has  the  double  ^hare,  is 
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said  to  be  doubk  Ae  eupaeity  of  tkt  other.    The  cmpautf  Coav.  n. 
of  bodies  for  heat  is  sometiases  caUed  their  specific  calorkf  ' 

5*  It  is  reasonable  to  suppose,  that  the  rebtive  quantities  And  these 
of  heat  in  different  bodies  are  indicated  fay  their  capacities;  «ApM|tiei 
since  it  is  probable,  that  distributable  heat  would  adjust  it-  ^iii^arettf 
self  in  the  same  propottional  quantities  between  bodies,  to-  the  reiatiTe 
tally  deprived  of  their  caloric,  as  at  any  particular  tempera*-  JfheieKoii. 
tnre.  It  must  not  be  denied,  however,  that  some  foots  are  tained  in 
rather  unfavourable  to  this  supposition*  hodies. 

6.  In  many  books  of  chemistry,  a  good  deal  is  said  to  exp  Eqtttiity  of 
plain,  why  bodies  assume  an  equality  of  temperature  ;  buttnr/!^ 
the  explanation  of  this  fact  can  be  nothing  else  than  to  give  p«ndt  upon 
the  reasons^  why  heat  in  a  state  of  motion  tends  to  a  state  of  ^^^J[^ 
rest.    Nothing  else  is  meant  by  equriity  of  temperature  be-  between 
tween  any  two  bodies,  than  that  the  heat  whieh  they  contain  ^^*''^- 
is  not  impelled  to  move  from  either  to  the  other.    It  would 
appear,  that  the  general  principle,  upon  which  caloric  moves 
after  having  been  set  in  motion,  is  its  being  unequally  press- 
ed )n  different  directions;  and  that  this  motion  continues, 
until  its  cause,  namely  the  unequal  pressure,  ceases. 


SECTION  V. 

OF  THE  CHANGES  IfVHlCH  CALORIO  PRODUCES  IN  BODIBS. 

These  effects  may  be  arranged  under  three  heads.   1*  Changes  bj 
ChaniKs  in  bulk.  2.  Changes  in  state.  3.  Chemical  changes,  calorie  are, 

"  ^  •  ^        changes  in 

I.  OF  CHANGES  IN  BULK.  *>">k» «» 

1.  As  a  general  law,  it  may  be  stated,  that  an  accession  of  chemical 
heat  to  a  body  increases  its  bulk;  but  to  this  law  there  are  chansea. 
several  exceptions,  which  will  be  stated  hereafter.  CaioHo  in- 

2.  The  expansion  produced  by  a  given  quantum  of  heat  is  JJJJ^wJf 
very  different  in  solids,  liquids  and  gases.     As  a  general  diet, 
rule,  in  the  gases  it  is  greatest,  in  liquids  much  less,  and  in 

solids  least  of  all.  All  gases  suffer  the  same  expansion  by 
the  same  degree  of  heat,  supposing  them  placed  in  like  cir- 
cumstances. The  expansion  of  liquids  is  not  found  to  be 
uniform.  It  has  been  ascertained,  however,  that  the  lower 
their  boiling  point,  the  greater  is  the  expansion  produced  by 
a  given  increment  of  heat.  Thus  the  boiling  point  of  alcohol 
is  low,  that  of  water  higher,  and  that  of  mercury  higher 
than  either;  and  the  expansion,  produced  by  any  given  in- 
crease of  temperature  in  thcise  three  bodies,  is  ereatest  in 
the  alcohol,  less  in  the  water,  and  least  of  all  in  me  mercu- 
rv.  It  has  also  been  found,  that  the  rate  of  the  expansion  in- 
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creases,  the  nearer  liquids  are  to  the  boiling  point.  The  ex- 
pansion of  solid  bodies  by  heat  is  so  very  small,  as  to  re- 
quire very  nice  instrumenu  to  measure  it;  but  as  far  as  ex- 
periments have  gone,  it  appears  to  be  equable. 

3.  The  exceptions  to  the  general  law  of  expansion  by  heat 
are,  water  below  a  certain  temperature,  alumina  or  clay,  and 
certain  substances  in  the  act  of  solidification. 

4.  When  water  in  the  liquid  state,  at  any  temperature  be- 
low 40^,  is  exposed  to  heat,  it  gradually  contracts  with 
every  increment  of  heat,  until  its  temperature  reaches  4(i®, 
after  which  ^t  expands  by  every  addition  of  heat,  until  it 
reaches  the  boiling  point,  when  it  changes  its  state.  Hence 
at  40^  and  above  it,  heat  produces  its  usual  effect  on  watei? 
but  below  that  temperature,  it  contracts  this  liquid.  So  that 
water  is  at  a  maximum  of  density  at  the  temperature  of  40®; 
and  if  it  be  heated  above  or  cooled  below  that  temperature, 
it  is  expanded. 

5.  The  final  cause  of  water  having  a  maximum  of  density- 
above  the  freezing  point,  would  seem  to  be  to  put  a  limit  to 
the  consolidation  of  this  liquid  in  the  winter  season.  When 
water  in  rivers,  above  the  temperature  of  40®,  is  exposed  to 
causes  which  abstract  its  heat,  they  operate  upon  a  stratum  on 
the  surface,  and,  by  the  abstraction  of  its  heat,  render  it  speci- 
fically heavier  than  the  water  underneath;  it  therefore  sinks  to 
the  bottom.  By  this  means,  a  new  stratum  is  exposed  to  the 
operation  of  the  cold,  and  sinks  in  its  turn.  This  exposure  to 
cold  of  successive  strata  continues,  until  the  whole  of  the 
water  has  acquired  the  temperature  of  40®,  when  it  ceases. 
It  ceases,  because  the  uppermost  stratum,  being  at  40®,  in- 
steaa  of  being  contracted  by  an  abstraction  of  its  heat,  is  in 
fact  expanded,  and  therefore  cannot  sink.  Hence  then  the  cold 
acts  continually  upon  the  same  stratum,  which  remains  im- 
moveably  on  the  top,  and  cools  it  down  to  32^,  when  it  freezes. 
If  there  were  no  maximum  of  density  in  water  above  the 
freezing  point,  the  successive  presentation  of  strata  to  the 
cooling  cause  would  continue  to  take  place,  with  regard  to 
the  water  in  rivers,  until  the  whole  liquid,  from  top  to  bottom, 
would  be  cooled  down  to  the  freezing  point;  at  which  pe- 
riod, the  whole  would  be  liable  to  freeze  into  a  solid  mass  of 
ice.  Thus  it  would  appear,  that  water  was  formed  an  excep- 
tion, to  the  general  law  of  the  expansion  of  liquids  by  heat, 
by  the  great  Author  of  nature,  to  guard  against  the  calami- 
tous consequences  to  man,  which  would  result  upon  the 
freezing  of  rivers  in  the  winter  into  one  solid  mass  of  ice  to 
the  bottom. 

6.  Alumina  seems  to  constitute  an  exception  to  the  gene- . 
ral  law  of  the  expansion  of  bodies  by  heat.  This  earthy  base 
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.undergoes  a  diminution  of  its  bulk  by  exposure  to  heat.  pgAP  n. 
This  diminution,  at  low  temperatures,  appears  to  depend  upon 
the  dissipation  of  moisture*  But  at  high  ones,  it  takes  place 
also,  without  any  sensible  loss  of  weight,  and  therefore  can- 
not be  attributed  to  this  cause.  At  high  temperatures,  it  pro- 
bably contracts  in  consequence  of  its  particles  being  urged 
into  closer  contact,  so  as  to  leave  no  interstices.  It  is  not 
unlikely,  that  after  fusion  it  may  expand  by  heat  as  other 
bodies. 

7.  Although  several  substances  expand  upon  freezing,  Bodies 
and  seem  to  be  exceptions  to  the  general  law  under  consi-  *^^  ®^>* 
deration,  yet  upon  a  nearer  view  of  the  subject,  perhaps,  the  ^MiTi^b  ei^ 
reason  of  die  apparent  exception  may  be  explained  upon  differ-  V^^ 
«nt  principles,  without  interfering  with  the  general  law.  All 

the  bodies,  which  expand  under  such  circumstances,  are  such 
as  assume  the  crystalline  form.  May  it  not  reasonably  be 
supposed,  that  in  crystallization  their  particles  may  arrange 
themselves,  so  as  not  accurately  to  fill  space;  and  if  so,  the 
particles  themselves  might  be  diminished  in  bulk,  while 
their  aggregate,  including  the  interstices,  would  take  up 
more  bulk  than  at  first. 

8.  The  most  remarkable  instances  of  this  kind  of  expan-  infUneeisC 
sion  occur  in  the  congelation  of  water,  and  during  the  consoli-  ?"*""jjj. 
dation  of  several  of  the  metals.  The  force,  with  which  water  uLtion. 
expands  in  the  act  of  freezing,  has  been  ascertained  to  be 

very  great.  Bombs,  filled  with  water  and  plugged,  have  been 
known  to  be  burst  asunder  on  being  exposed  to  a  hard  frost, 
in  consequence  of  the  freezing  of  the  contained  water.  Of 
all  the  metals  tried  with  a  view  to  this  subject,  but  three 
were  found  to  expand  upon  solidification,  namely,  cast  iron, 
bismuth  and  antimony. 

9.  In  all  cases,  in  which  liquids,  in  becoming  solid,  assume 
the  cr}*stalline  form,  the  change  of  state  is  accompanied  by 
expansion;  on  the  otUbr  hand,  when  the  change  takes  place 
without  being  attended  by  any  regularity  of  arrangement  in 
the  particles  of  a  body,  contraction  is  the  consequence.  In- 
stances of  the  latter  kind  are  furnished  in  the  congelation  of 
oils,  and  of  some  of  the  metals,  particularly  mercury.  This 
latter  metal  is  found  to  lose  ^d  of  its  bulk  in  the  act  of 
congelation. 

IT.  OF  CHANGES  OF  STATE  PRODUOED  BT  CALORIC. 

1.  All  bodies,  as  far  as  they  are  known,  occur  in  one  of  Bodi«  m, 
the  three  following  states,  as  solids,  as  liquids,  or  as  elastic  ^  ^*^ 
fluids  or  gases;  nevertheless,  in  whichsoever  state  they  occur,  or  gMes.  "* 
they  are  all  capable  or  presumed  to  be  capable  to  assume  the 
other  two,  by  the  addition  or  subtraction  of  heat.  Thus; 
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BooKih  sulphur  at  OfMMMu  temiperatures  is  in  the  solid  state;  but 
dome  bo-    when  heated  to  the  temperature  of  Sld^,  it  becomes  liquid, 

^^•dlTto  u  ^°^  ^^  ^  ^^^  ^  about  5ro^,  it  becomes  an  eUstic  fluid  or 

aume  the  '  gas*  Agaiu^  water  at  ordinary  temperatures  is  a  liquid;  but 

three         when  heated  to  313%  it  beeomes  an  elastic  vapour,  and  vrhen 

*^^^'        cooled  to  3S^,  a  solid  in  the  form  of  ice*  Oases,  at  common 

temperatures^  are  not  susceptible  of  becoming  solid  by  an 

abstraction  of  heat;  one  of  them,  however,  (ammoniacal 

gas)  is  capable  of  being  condensed  into  a  liquid,  by  a  cold 

of  '^  45.  Hence  the  presumption  is,  that  every  species  of  air 

might  be  condensed  into  a  solid,  if  chemists  had  it  in  their 

power  to  produce  a  sufficient  degree  of  artificial  cold. 

3»  When  solids  are  converted  into  liquids  by  an  addiuon 
of  heat,  the  change  takes  place  either  instauuneously  or 
gradually;  and  there  appears  to  be  a  good  deal  of  difference 
in  the  manner,  in  which  the  liquefaction  is  produced  in  these 
different  ways.  It  begins  to  occur,  in  all  common  cases,  when 
the  solid  body  contains  a  certain  quantum  of  heat,  or,  in 
other  words,  is  of  a  particular  temperature. 
Water,  3.  Water,  in  common  cases,  is  converted  into  ice  at  the 

^^fitidid  *^™pcrature  of  S2P;  but,  by  peculiar  management,  it  may  be 
•iS8*;b«t  cooled  considerably  below  this  temperature  without  losing 
"■f^  its  liquid  form*  This  peculiar  management  consists  in 
low  that  having  the  water  perfectly  pure  and  free  from  air,  and  in 
point  with-  exposing  it  to  a  gradually  decreasing  temperature.  Under 
i^Vtittid^  such  circumstances,  it  may  be  cooled  down  to  the  tempera- 
form,  ture  of  33*  without  freezing;  but  if  a  small  piece  of  ice  be 
]^^'^^  thrown  into  it,  or  if  it  be  made  to  take  on  a  tremulous  mo- 
rites  toSS^  tioB,  part  of  it  suddenly  freezes,  and  the  temperature  of  the 

whole  immediately  rises  to  the  freezing  point, 
laferaneet       ^  The  facts  Stated  in  the  foregoing  paragraph  prove, 
tobe  drawn  that,  wheu  water  cooled  down  below  the  freezing  point  is 
^^^  ^**  made  to  freeze,  the  part  frozen,  at  the  moment  of  its  so- 
lidification, jpves  out  sufficient  heat  to  raise  itself,  and  the 
remainder  of  the  water,  yet  in  the  liquid  state,  to  the  tempe- 
rature of  33*^.  Hence  the  general  fact  may  be  deduced,  that, 
although  die  abstraction  of  heat  puts  water  in  a  condition  to 
solidify^  yet,  in  the  act  of  freezing,  heat  is  given  out,  not  as 
the  cause  but  as  the  effect  of  this  act;  or,  in  other  words, 
part  of  the  quiescent  heat  of  water  is  converted  into  dis- 
tributable heat,  by  the  energy  of  the  power  which  induces 
its  congelation, 
lee,  cinring     5«  If  a  piece  of  ice  be  brought  into  a  warm  room,  the 
o^M  fear'  ^^^^^^^^  ^^^  ^^  surroundbg  bodies  is  thrown  into  a  dis- 
but  no  in- '  tributable  state,  in  its  tendency  to  give  the  ice  its  proper 
o*^«Me  of    quota  of  caloric.  The  caloric,  however,  which  the  ice  re- 
^1^*^'    ceives,  is  not  distributable  to  bodies  at  the  temperature  of 
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32°,  in  other  words,  docs  not  warm  the  ice;  but  combines  Cbap.il 
with  it  and  converts  it  into  water.  As  soon  as  all  the  ice  is 
in  this  way  dissolved,  the  water  obtained  is  exactly  of  the 
same  temperature  with  that  of  the  ice,  from  which  it  was 
formed.  But  as  it  has  been  receiving  a  large  share  of  heat 
during  its  formation,  this  inference  may  be  fairly  drawn, 
that,  when  caloric  is  in  a  state  of  rest  with  respect  to  water 
and  ice,  water  contains  a  larger  quantity  of  caloric  than  ice; 
or,  to  express  the  same  idea  in  other  words,  when  ice  lique- 
iies,  it  combines  with  heat  in  such  a 'way  as  to  render  this 
fluid  non-distributable.  Water  must,  therefore,  have  a  great- 
er capacity  for  heat  than  ice. 

6.  What  has  just  been  said,  respecting  the  manner  in 
which  water  solidifies  and  ice  melts,  is  equally  true  with  re- 
gard to  every  liquid,  which  can  become  solid,  and  every  solid 
capable  of  liquefaction.  It  may,  therefore,  be  laid  down  as 
universally  true,  that,  whenever  liquids  solidify,  quiescent 
heat  is  converted  into  distributable  heat;  and  whenever  so- 
lids liquefy,  it  is  in  consequence  of  an  accession  of  heat, 
which  becomes  non-distributable  in  them. 

7«  Chemists  have  not  only  been  able  to  deduce  this  gene-  Theauuti. 
ral  law  respecting  all  liquids  and  solids,  but  have  actually  \^J*^' 
ascertained  by  experiment  the  quantity  of  heat,  which  chan-  m  iu  state 
ges  its  state  during  the  freezing  of  water  or  the  liquefaction  'nthefreez. 

of  ire  mg of  water 

8.  For  example,  if  equal  quantities  of  pounded  ice  at  32^  inftof  ice, 
and  water  at  172^  be   mixed  together,  the  ice  instantly  ^ecL^*^^ 
melts,  and  the  temperature  of  the   mixture  is  found  to  be 

only  32®.  The  difference  between  the  temperature  of 
the  ice  and  of  the  water  before  mixture  is  14Cr.  Now  the 
whole  of  this  heat  is  put  in  motion,  and  converts  the  ice 
into  water,  in  which  it  exists  in  a  non-distributable  state,  as 
it  has  not  raised  its  temperature.  Prom  this  experiment,  it 
is  concluded,  that,  when  ice  liquefies,  140  degrees  of  heat 
are  reduced  to  a  non- distributable  state;  that  is,  to  a  state 
in  which  they  no  longer  affect  the  thermometer. 

9.  When  the  foregoing  experiment  is  repeated  with  two 
portions  of  water  of  equal  weights,  one  portion  at  32^  and 
the  other  at  172^,  the  result  is  widely  different.  The  tem- 
perature of  the  mixture  is  found  to  be  an  exact  mean  of  the 
temperatures  of  the  two  portions  of  water  before  mixture; 
for  here  the  heat,  which  enters  the  water  at  32®,  does  not 
become  non-distributable,  but  gradually  raises  its  tempera- 
ture, and  assumes  a  state  of  rest  only,  when  half  the  excess 
of  the  heat  contained  in  the  hotter  portion  has  entered  the 
colder. 

3L 
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Book  U.      10.  The  bct  has  already  been  vencioaed,  dm,  when  wa- 
Espiain'    ^^  cookd  dowo  below  die  freezing  point  13  made  to  freeze, 
lion  Qftbe  just  SO  much  heat  is  dirown  inio  a  distributable  state,  as  is 
^^v^^^  sufficient  to  raise  the  temperature  of  the  ice  formed  and  of 
cd  down     the  remaining  water  to  the  freezing  point.  If  die  question  be 
below  the    asked,  why  the  quanuty  of  heat  thrown  out  is  exacdy  suffi- 
pSntTviicn  cient  to  raise  the  whole  to  the  freezing  point,  the  true  an- 
itfreesety   swer  perhaps  is,  that  it  could  not  be  less,  because  the 
juTJo^     whole  of  the  water  in  a  freezing  condition  would  not  be  fro- 
maeii  heat  zeu,  and  it  could  not  be  more,  compatibly  with  any  conge- 
dUe  thT    ^^^^  >^  ^  Hence  it  is,  as  Dr.  Tliomson  has  proved  by 
freezing     experiment,  that  the  quantity  of  ice  formed  by  agitation  in 
tempera,     water,  cooled  down  below  the  freezing  point,  beaurs  a  con- 
stant ratio  to  the  previous  coldness  of  the  liquid;  since  the 
colder  the  water,  a  greater  quantity  of  ice  may  be  formed, 
without  the  evolved  caloric  being  sufficient  to  raise  the  tem* 
perature  of  the  whole  above  the  freezing  point«  Dr.  Thom- 
son has  found,  that,  when  water  is  made  to  freeze  after 
beina;  cooled  5^  below  the  freezing  point,  the  quantity  of 
ice  formed  amounts  to  ^th  part  of  the  whole;  when  cool* 
ed  down  10^  below  the  same  point,  the  ice  amounts  to  -^^ 
part,  or  twice  as  much.  Hence  this  chemist  has  inferred, 
that,  for  every  s9  of  diminution  of  temperature  below  the 
freezing  point,  ,^j>th  part  of  water  freezes  suddenly  by  agi- 
tation; and  consequently,  that  if  a  portion  of  water  could  be 
cooled  down  below  the  freezing  point  28  times  5S  or  140P» 
upon  agitation,  the  whole  of  it  would  be  suddenly  converted 
into  ice  of  the  temperature  of  32^;  in  other  words,  its  tem- 
perature would  be  suddenly  raised  140^.  Thus  the  reader 
perceives,  that  the  same  quantity  of  heat  becomes  distributa- 
ble or  capable  of  affecting  the  thermometer  by  the  freezing 
of  water,  as  is  rendered  non-distributable  by  the  melting  of 
ice. 
Manner  in       11*  It  may  be  cutious  to  inquire,  in  what  peculiar  man* 
jfhich  w«.  ner  heat  leaves  water  with  the  effect  of  making  it  solidify. 
explained!'  It  cannot  be,  that,  when  water  is  at  the  freezing  point,  the 
cooling  cause  acts  exclusively  upon  a  small  portion  of  it, 
and  converts  it  into  ice  by  abstracting  liO^'  of  caloric:  by 
no  means;  for  the  140^  of  caloric,  which  appear  when  water 
is  converted  into  ice,  is  the  consequence  and  not  the  cause 
of  its  freezing.  It  appears  to  me,  that  the  phenomena,  which 
take  place  in  the  freezing  of  water  cooled  down  below  the 
freezing  point,  furnish  the  basis  for  a  true  explanation; 
since  it  is  reasonable  to  suppose,  that,  during  the  ordinary 
freezing  of  water,    the  same   happens  on  a  small  scale, 
which  occurs  in  these  other  cases  on  a  large  one*  When 
.water  is  cooled  down  to  the  freezing  point,  it  must  suffer 
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a  sinaU  decrease  of  temperature  before  it  can  freeze.  Now  Chap,  n. 
I  sappoee,  that,  when  the  first  portion  of  ice  is  formed,  it 
it  exactly  so  much,  as  is  sufficient,  by  means  of  the  heat 
it  gives  out  in  the  freezing  act,  to  raise  the  whole  (both 
water  and  ice)  to  the  freezing  point.  If  the  cooling  cause 
continue  to  act,  the  temperature  of  the  remaining  water, 
sinks  again,  and  again  so  much  ice  is  formed,  as  is  suffici- 
ent, by  its  heat  evolved,  to  raise  the  whole  once  more  to 
the  freezing  point.  In  this  manner,  by  the  water  repeat- 
edly falling  below  the  freezing  point,  and  being  as  often 
raised  to  the  same  point,  by  heat  evolved  during  the  freez- 
ing of  a  portion  of  it,  the  whole  at  last  becomes  converted 
into  ice.  This  explanation  would  seem  to  be  much  more 
consistent  with  facts  than  the  •one,  which  insists  upon  tl^e 
evolution  of  distributable  heat,  during  freezing,  sensible  to 
the  thermometer,  while  standing  at  the  freezing  point.* 

13k  By  a  similar  mode  of  reasoning,  the  manner  in  which  MAnner  in 
ice  melts  may  be  explained.  The  ice,  at  the  freezing  point,  U^*"|Je^ 
receives  a  small  increment  of  temperature;  and,  at  the  same  plained. 
montent,  so  miith  of  it  melts,  as  is  sufficient,  by  the  heat 
which  is  necessarily  absorbed,  to  reduce  the  whole  again 
to  the  freezing  point*  The  ice  receives  another  small  incre- 
asent  of  heat,  and,  by  the  melting  of  another  small  portion 
of  it,  is  again  reduced  to  the  freezing  point.  By  a  repetition 
of  tiMse  small  risings  and  fallings  in  temperature,  the  whole 
«t  last  becomes  dissolved. 

13»  All  that  has  been  said  of  the  conversion  of  solids  into 
liquids  and  the  contrar)',  by  the  addition  or  abstraction  of 
heat,  is  equally  applicable  to  the  conversion  of  liquids  into 
vapours,  and  the  condensation  of  the  latter  into  the  former. 

14.  With  respect  to  water,  chemists  have  been  enabled  EKstribuu^ 
to  ascertain  by  experiment,  how  much  heat,  previously  iu^^®^'\"j' 
a  distributable  state,  is  rendered  quiescent  and  not  sensible  into  quies- 
to  the  thermometer  by  its  conversion  into  steam.  One  of®®"M**'"|J' 
the  most  intelligible  experiments,  by  which  this  quantity  is  IxHiverfti  n 
estimated,  is  the  following:  By  means  of  pressure,  in  a  ma- «^  *■*«*•»«- 
chine  called  a  Papin's  digester,  water  may  be  heated  to  the  ^°  '**'^- 
temperature  of  400^,  that  is  188^  above  the  boiling  point. 
This  becomes  practicable,  in  consequence  of  the  pressure 
preventing  the  formation  of  steam,  by  which  alone,  in  ordi- 
nary cases,  water  is  prevented  from  becoming  hotter  than 
the  boiling  temperature.  If  the  mouth  of  the  digester,  con- 
taining the  water  thus  heated,  be  suddenly  opened,  about  ^th 
of  it  immediately  escapes  in  the  form  of  steam,  which  ne- 


*  It  M  asMrtedl  \hai «  deficate  thcrmoraeter,  saspendcd  over  water  while  in  the 
act  of  freezing,  i§  cafMible  of  indienting  this  evol«tioii  cS  beat  by  tbe  vise  of  tN 
itiercun*. 
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Book  11.  cessarily  has  the  temperature  of  212S,  and  the  remainder 
immediately  falb  in  temperature  to  the  boiling  point.  Now 
the  ^ih  of  the  water,  converted  into  ateam,  at  the  moment 
of  its  conversion,  contained  188^  of  heat,  which,  after  its  con* 
version,  are  no  longer  sensible  to  the  thermometer,  as  it  in- 
dicates the  temperature  of  212^  only;  but,  besides  these  188* 
of  heat,  the  steam  formed  has  rendered  non-distributable 
188^,  received  from  each  of  the  remaining  fifths  of  the  wa- 
ter, or  four  times  188^,  equal  to  752*;  which,  added  to  the 
188^,  which  the  steam,  before  its  conversion,  had  contain- 
ed in  a  distributable  state,  will  give  940*  of  heat,  thrown 
into  a  non-distributable  state  by  the  conversion  of  water 
into  steam. 
The  qoAn-       15.  By  Other  experiments,  .the  quantity  of  heat,  which  be- 
^oiderad    ^^'"^^   non-distributable  during  the  conversion  of   water 
noo-^iistri'  into  steamy  is  indicated  to  be  above  1000*.  The  calculation 
^^^*      by  Lavoisier  makes  it  about  1000*.  Upon  the  whole,  while 
ncMlj  1000  results  remain  thus  discordant,  the  quantity  may  be  taken 
degrcet.     at  1000*  without  any  sensible  error. 

Dr  Black       16.  The  reader  has  now  been  put  in  possession  of  the 
^r^  ^V  ^  leadinir  facts,  ascertained  respectinir  the  changes  of  state, 

plained  the     •  .   .         i      •  j  j      •         -^  •      -.l 

manner  in  which  caloric  Undergoes  dunng  its  agency  m  the  conver- 
vhieh  heat  sion  of  solids  into  liquids,  and  liquids  into  elastic  fluids. 
Don^tri-  '^  i^  proper  now  to  inform  him,  that,  for  their  discovery, 
butabieinii-and  for  the  proper  conclusions  to  be  drawn  from  them, 
25'{[^''J^  chemistry  is  indebted  exclusively  to  the  sagacity  of  Dr» 
lida,  andin  Black.  This  chemist  designated  the  heat,  which  becomes 
^P**^  non-distributable  during  the  change  of  state  of  a  body,  /a- 
from  li-  ^^^t  heat,  on  account  of  its  lying  hid  as  it  were,  and  thereby 
quidt.  not  influencing  the  thermometer.  He  supposed  that  it  be- 
came chemically  combined  with  a  body  after  its  change. 

17.  It  has  already  been  mentioned  as  probable,  that  li- 
quids have  a  greater  capacity  for  heat  than  the  solids,  from 
which  they  are  formed  by  the  agency  of  caloric.  The  same 
reasons,  which  make  this  probable,  concur  to  create  a  belief, 
that  vapours  have  a  greater  capacity  than  jthe  liquids  from 
Abtolate    which  they  are  obtained  by  the  same  agency.  This  appears 
calorie  of    iq  have  been  the  opinion  of  Dr.  Irvine  of  Glasgow,  who 
eulated  by' ^^^^  supposed ,  that  the  capacity  of  bodies  for  heat  remained 
0r.  Irrinc.  the  same  at  all  temperatures.  These  two  opinions  taken  for 
granted,  he  proposed  to  found  upon  them  a  calculation  to 
'   '  determine  the  absolute  quantity  of  heat  in  bodies,  as  mea- 

sured by  degrees  of  the  thermometer.  To  apply  his  method 
of  reasoning  to  the  case  of  water,  he  supposes,  that  the  num- 
bers which  express  the  capacities  for  heat  of  water  and  ice, 
express  also  the  ratio  of  their  absolute  calorics;  and  as  the 
capacity  of  the  former  to  that  of  the  latter  is  as  10  to  9, 
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therefore^  the  quantity  of  heat  in  water  at  32^  is  to  that  in  Chaf.  n. 
ice  at  the  same  temperature,  as  these  numbers  are  to  each  " 

other;  or,  which  amounts  to  the  same  thing,  water,  in  the 
act  of  freezing,  gives  out  ^^th  of  its  heat;  but  this  tenth  of 
the  heat  of  water  is  ascertamed  to  be  equal  to  140^,  there- 
fore, the  whole  of  its  heat  must  be  equal  to  140  x  10,  or 

18.  The  plan,  upon  which  Dn  Irvine's  calculation  is  con-  Dr.Tnrine'a 
ducted^  is  unquestionably  correct  in  itself;  but  the  data  upon  ^^^ 
which  it  is  founded  are  far  from  being  certain.  Some  experi-  ^ 
ments,  indeed,  seem  rather  unfavourable  to  the  idea,  that 
the  capacity  of  a  body  for  heat  remains  the  same  at  all  tem- 
peratures* Dr.  Irvine  supposed  also,  that,  when  a  body 
changed  its  state,  its  capacity  was  altered,  and  heat  conse- 
quently either  given  out  or  absorbed*  Thus,  when  water  is 
converted  into  steam,  heat  is  absorbed,  or  rendered  non-dis- 
tributable, because  steam  has  a  greater  capacity  for  heat  than 
water.  But  the  absorption  of  the  heat  cannot  be  accounted 
for,  by  saying,  that  steam  has  a  greater  capacity  for  heat 
than  water;  for  the  question  arises,  what  converts  the  water 
into  steam?  It  cannot  be  answered,  heat;  since  this  would 
amount  to  saying,  that  water  becomes  steam  because  it  ab- 
sorbs heat;  and  water  absorbs  heat  because  it  becomes 
steam.  All  that  can  be  safely  said  is,  that,  at  a  particular 
temperature,  water  so  combines  with  a  certain  quantity  of 
heat,  as  to  render  it  non-distributable;  and  that  this  peculiar 
combination  of  water  and  heat  results  in  the  formation  of  an 
elastic  fluid,  of  greater  capacity  than  water,  namely  steamm 

in.  OF  CHEMICAL  CHANGES  PRODUCED  BY  CALORIC. 

1*  Very  few  words  will  be  said  under  this  head.  ItisHemtpro- 
mentioned  for  the  sake  of  precision  in  the  classification  of  ^Qcesinjioy 
the  subject.  The  reader  is  already  acquainted  with  the  fact,  ehaSfS! 
that  heat  constitutes  the  most  powerful  means  of  analysis  in 
the  tiands  of  the  chemist;  since  it  has  been  evinced  at  every 
step  in  the  progress  of  the  present  work.  Heat  is  supposed, 
to  produce  decompositions,  by  altering  the  relative  intensi-* 
ties  of  affinities.  It  assists  combination,  by  diminishing  the 
force  of  cohesion  in  the  particles  of  homogeneous  bodies. 
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SECTION  VI. 

OF  THE  DIFFERENT  INSTBUMENTB  IN  COMMON  U6£  FOB 
MEASUUING  THE  INTENSITY  OP  HEAT. 


Instill-  TfiE  instruments,  which  it  is  proposed  to  describe  in  this 

mruur^  s€Cfio«,  are  the  common  thermometer^  Lealu^t  differential 
beat  are     thermofneteTy  and  WedgewooiPs  Urometer. 


1.  Common  .  I.  OF  THE  COMMON  THERMOMETER. 

thermome* 

ter.  1.  The  thermometer  is  an  instrument,  composed  of  t 

tube  of  g^ass,  blown  at  one  end  into  a  bulb,  partly  filled 
with  mercury  and  hermetically  sealed.  When  it  is  plunged 
into  a  hot  body,  the  mercury  expands  and  riaes  in  the  tobe; 
when  put  in  contact  with  a  cold  body,  it  contracts  and  falls. 
In  order  to  measure  the  expansion,  the  tube  is  divided  into 
equal  parts  called  degrees. 

2.  The  thermometer  was  invented  about  the  beginning  of 
the  seventeenth  century.    The  invention  is  attributed  by 
some  to  Sanctorius.  Science,  however,  is  indebted  to  New- 
ton for  the  method  of  m  iking  thermometers,  which  might  be 
compared  with  each  other. 
I'hermo-        3*  Thermometers,  to  answer  the  purpose  of  comparison, 
meters       must  have  certain  fixtrd  invariable  points  in  their  scales. 
m^oJ  {Idou  '^^  temperature,  at  which  ice  melts,  and  water  boils  under 
on  their      a  given  pressure  of  the  atmosphere,  is  invariably  the  same; 
Males.        these  temperatures,  therefore,  are  taken  as  the  fixed  points, 
and  the  scale  is  graduated  in  different  directions  from  them. 
When  a  thermometer  is  ready  for  graduation,  it  is  plunged 
into  melting  snow  or  ice,  and  the  point  at  which  the  mercury 
stands  in  the  tube  is  marked  on  the  glass.    It  is  afterwards 
plunged  into  boiling  water,  and  the  new  point  at  which  the 
mercury  rests  is  also  noted,  llie  space  between  the  frecz* 
ing  and  boiling  points,  thus  obtained,  is  then  divided  into  a 
convenient  numoer  of  equal  parts  called  degrees. 

4.  Different  nations  have  followed  different  plans  in  the 
graduation  of  thermometers,  but,  in  all  of  them,  the  freezing 
and  boiling  temperatures  of  water  are  the  fixed  poitits  in  the 
scale.  There  are  four  mercurial  thermometers  in  common 
use  in  various  parts  of  the  world,  differing  in  no  other  re- 
spect than  in  the  manner  of  their  graduation. 
Tiiermo-         5.  In  Fahrenheit's  thermometer,  the  space  between  the 
Kiliircii-'^     freezing  and  boiling  points  is  divided  into  180<>;  but  the  be- 
beii;  '       ginning  of  the  scale  is  fixed  at  32^  below  the  freezing  point, 
at  the  temperature  produced  by  mixing  together  snow  and 
common  salt.   Hence  the  freezing  point  is  marked  32^, 
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and  the  boiling  point  212<>.    This  ibermometer  is  used  in  Crap.  n. 
Britain  and  thr  United  States* 


6.  In  Celsius's  thermometer,  the  space  between  the  freez-  of  Celtiiu; 
ing  and  boiling  points  is  divided  into  100®,  the  freezing 

point  being  placed  at  zero,  and  the  boiling  point  at  lOO®. 
This  thermometer  is  used  in  Sweden,  and  has  been  employed 
in  France  since  the  revolution,  under  the  name  of  the  centi- 
grade thermometer* 

7.  In  Reaumur's  thermometer,  the  scale  begins  at  theofRetu* 
freezing  point,  and  the  boiling  point  is  marked  80®.  This  ^^*  ^^ 
thermometer  was  used  in  France  before  the  revolution. 

8.  In   De  Lisle's  thermometer,  the  space  between  the  of  De  liiie. 
boiling  and  freezing  points  is  divided  into  150^;  but  it  dif- 
fers in  this  particular  from  all  other  thermometers,  that  its 
graduation  begins  at  the  boiling  point,  which  is  marked  O, 

and  increases  towards  the  freezing  point,  which  stands  at 
150**,  This  thermometer  is  used  in  Russia. 

II.  <»^  LESLIE'S  DIFFERENTIAL  THERMOMETER. 

1.  This  thermometer  consists  of  a  glass  tube,  bent  in  the  s.  Leslie's 
form  of  the  letter  U,  and  terminating  at  each  extremity  in  a  thennom*? 
hollow  bulb  of  the  same  size.  The  tube  is  partly  filled  with  howoon- 
sulphuric  acid,  tinged  red  by  carmine.  Both  bulbs  are  al-  strueted. 
lowed  to  be  full  of  air,  and  communicate  with  the  tube.  To 
one  leg  of  the  instrument,  an  ivory  scale  is  affixed,  divided 
into  100  equal  parts,  the  zero  of  which  is  made  to  corres- 
pond to  a  point  of  the  tube,  a  little  above  the  bend.  The 
other  leg  is  left  bare,  and  the  ball,  belonging  to  it,  is  called, 
by  way  of  distinction,  the  focal  ball.    Before  the  glass  is 
sealed,  the  sulphuric  acid  is  so  disposed,  as  that  its  upper 
surface  may  stand  opposite  to  zero  of  the  ivory  scale.  Now 
it  is  evident,  that,  if  this  instrument  be  placed  in  any  situa- 
tion, in  which  both  the  balls  are  exposed  to  the  same  tempera- 
ture, the  sulphuric  acid  will  not  move  in  the  tube,  since  it  is 
pressed  equally  in  contrary  directions  by  the  air  contained  in 
the  balls.  But  supposing,  that  the  focal  ball  be  exposed  to  a 
temperature  higher  than  that  which  influences  the  other  ball, 
then,  by  a  necessary  consequence,  the  sulphuric   acid  is 
pressed  towards  the  colder  ball,  and  rises  in  the  leg  to  which 
the  scale  is  attached,  proportionably  to  the  excess  of  tempera- 
ture of  the  focal  ball  over  that  of  the  other  ball;  and  this  rise  is 
measured  by  the  divisions  marked  on  the  ivory  scale.  This  Uses  of  this 
instrument,  it  must  be  obvious,  is  well  suited  for  ascertain-  thepmomc- 
ing  an  accumulation  of  heat  at  a  particular  point,  which  does  ^^' 
not  extend  to  the  surrounding  atmosphere,  as  happens  in  the 
focus  of  a  reflecting  mirror;  and  it  was  by  means  of  it,  that 
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Book  II.  Leslie  was  enabled  to  make  such  precise  observations  upon 
the  radiating  and  reflecting  powers  of  different  bodies. 

m.  OF  WEDGEWOOD*S  PYROMETER. 

s.  Wedge-       !•  The  fitness  of  this  instrument,  for  the  purposes  of  a 
ra^tsr^   measurer  of  heat,  depends  upon  the  property  which  clay  has 
of  contracting  in  high  temperaturt-s.    This  fact  respecting 
clay  has  already  been  noticed,  while  enumerating  the  excep* 
tions  to  the  general  law  of  the  expansion  of  bodies  by  heat. 
Wedge  wood's  p\  romcter  consists  of  a  number  of  pieces  of 
^rueted.'    ^^^Y  ^^  ^  determinate  size,  and  an  instrument  for  measuring 
their  bulk  with  accuracy.  The  latter  is  formed  of  two  brass 
rules  twenty-four  inches  long,  fastened  upon  a  plate,  half  an 
inch  apart  at  one  end,  and  three«tenths  of  an  inch  at  the 
other.  The  rules  are  divided  into  240  equal  parts,  or  tenths 
of  an  inch,  called  degrees.  The  clay  pieces  are  sirall  cylin- 
ders, first  exposed  to  a  red  heat,  and  then  made  to  fit  be- 
tween the  brass  rules,  opposite  the  first  degree  of  the  scale, 
which  therefore  corresponds  with  a  red  heat,  or  94r^  of 
Fahrenheit's  thermometer. 
How  Qied,       2*  The  manner,  in  which  a  high  temperature  is  ascertained 
by  this  instrument,  is  to  expose  one  of  the  clay  pieces  to  the 
heat,  which  it  is  intended  to  measure,  until  it  has  acquired 
the  same  temperature.     It  is  then  withdrawn  from  the  fire, 
and  when  cool,  slid  between  the  brass  rules;  and  the  degree, 
which  its  bulk  has  diminished,  is  ascertained  by  the  distance 
it  is  capable  of  passing  up  between  the  rules.     Wherever  it 
stopflf,  the  intensity  of  the  heat  is  indicated  by  the  corres- 
ponding divisions  on  the  brass  rules. 
J^ot  an  ex-      3.  It  is  to  be  regretted  that  the  contraction,  produced  by 
erof'lS?'^*^^  same  degree  of  heat,  in  diflfcrent  pieces  of  clay  is  not 
precisely  the  same.     This  instrument,  therefore,  cannot  be 
considered  as  an  accurate  measurer  of  heat.    Notwithstand- 
ing, its  invention  has  been  attended  with  considerable  prac- 
tical utility,  in  ascertaining  high  temperatures,  in  operations 
in  which  great  accuracy  is  not  essential. 
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BOOK  III. 

OF  THE  GENERAL  PROPERTIES  OF  MATTER,  UPON 
WHICH  CHEMICAL  CHANGES  DEFEND. 

1.    In  the  two  books,  just  compL  ted,  of  the  science  of  Book  IIL 
chemistry  properly  so  called,  all  the  bodies,  which  come  ^^ 
under  the  notice  of  the  chemist,  have  been  described,  and  leni  hook 
a  history  of  the  chemical  changes  produced  by  their  mutual  ^*'"^'**^^*'® 
action  has  been  given.  Those  two  books,  therefore,  may  bt  chemical 
considered  as  having  been  employed  in  recording  the  ef-  <^li»nge«- 
fects  of  chemical  action:  the  causes  of  those  eifccis,  or  the 
general  principles  upon  which  chemical  changes  occur,  will 
form  the  subject  of  the  present  hook* 

2*  What  takes  place  during  any  chemical  change  must  be 
considered  as  a  mere  insulated  fact;  and  reasoning  upon 
such  fact,  the  mind  docs  not  hesitate  to  believe,  that,  upon 
whatever  properties  impressed  upon  matter,  the  changes  oc- 
curring in  one  chemical  action  depend,  upon  the  very  same 
properties  all  chemical  changes  must  depend. 

3.  Chemical  changes  always  take  place  at  insensible  dis-  These 
tances;  the  causes  of  these  changes,  therefore,  must  operate  ji*!^^''^^*^^ 
at  insensible  distances  also*  atinsensU 

4.  Whatever  the  power  may  be,  which  holds  together  the  *>'*  <i»««»j- 
particles  of  bodies  which  form  masses,  it  is  a  force  which  peo*«ru;.on 
operates  at  insensible  distances.  It  is  a  force  also,  which  va-  attractions 
ries   in  intensity,  as  is  proved  by   the  different  degrees  of  ^JJ®^^^^' 
counteracting  force  necessary  to  overcome  it.    This  force  i^r  particles 
has  been  called  the  attraction  of  aggregation.  ^'r'beiw'^lra 

5.  Again:  Whatever  it  may  be  which  holds  together  dis-  liissimiiar 
similar  particles  in  a  chemical  compound,  it  is  a  force  which  KJJ'^'^'*^*- 
acts  at  insensible  distances  also.  That  this  force  is  different  attraction  is 
in  intensity,  when  acting  between  different  dissimilar  parti-  thatot  ag- 
cles,  cannot  be  proved  by  any  mechanical  means,  but  this  fho^tusJ? 
fact  is  demonstrated  by  what  occurs  in  chemical  decompo-  chemical 
sition;  for  here  a  force,  which  holds  together  dissimilar  par- *^^™®^*'*"* 
tides,  is  overcome  by  a  force  the  same  m  kind;  the  overcom- 
ing force  must,  therefore,  be  greater  in  degree.  This  force, 

on  account  of  its  holding  together  dissimilar  particles,  is 
called  chemical  attraction,  or,  more  usually,  chemical  affinity. 

6.  Thus  it  is  perceived,  that  there  may  be  fairly  deduced, 
from  the  phenomena  exhibited  by  matter,  the  existence  of 
an  attraction  between  its  particles,  acting  at  insensible  dis- 
tancesj  and  varving  in  its  intensitv  under  different  circum- 

3iM 
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Book  III.  Stances;  and  this  attraction,  so  acting,  may  either  be  between 
"  particles  the  same  in  kind/flit  dissimilar  particles* 

7«  The  existence  of  an  attraction,  varying  in  intensity  be* 
tween  dissimilar  particles,  is  evinced  in  every  chemical 
combination  and  decomposition.  But  the  eustence  of  such 
an  attraction  merely,  without  supposing  it  in  some  cases 
greater  in  intensity  than  the  attraction  of  aggregation,  would 
not  be  sufficient  to  explain  chemical  action;  for  supposing 
the  attraction  of  aggregation  to  be  always  the  stronger, 
there  would  be  no  force  adequate  to  separate  similar  parti- 
cles from  each  other.  Hence,  therefore,  it  may  be  said,  that 
all  chemical  changes  may  be  referred  to  the  operation  of  an 
attraction,  various  in  ita  intensity,  which  takes  place  at  in- 
sensible distances  between  dissimilar  particles  of  matter, 
and  which,  to 'be  efficacious,  must  be  stronger  than  the  same 
kind  of  attraction,  occurring  between  similar  particles. 

8.  Having  thus  given  an  account  of  the  general  principles, 
upon  which  chemical  changes  occur,  it  will  next  be  proper 
to  consider  the  attractions  concerned  in  them,  namely  the 
attraction  of  affgregatton^  and  chemical  affinity •  This  wiH 
be  done  in  the  two  following  chapters. 


CHAPTER  I. 

OF  THE  ATTRACTION  OF  AGGBBGATIOK. 

(Syn.  Mtraction  of  CoheHor^--^C9t^tculur  AttrcLCtion-^UimogefiewMA 

AttraetioQ       1*  BuT  a  few  words  will  be  said  under  this  head.  There 
of  nggrep-  jg  jjq  difficulty  in  understandinjT,  that,  by  means  of  this  at- 

uon  VMrics 

in  inteDiity.  traction,  matter  is  enabled  to  assume  the  form  of  masses. 
In  solids,  it  has  the  greatest  force;  and  in  different  indivi- 
dual solids,  its  intensity  is  very  various.  As  a  general  rule, 
it  is  much  the  strongest  in  the  metals,  the  tenacity  of  which 
depends  upon  the  energy  of  this  attraction.  What  is  called 
strength  in  inanimate  objects  depends  u]x>n  the  degree  of 
this  attraction;  and  it  is  principally  owing  to  the  great  tena- 
city or  strength  of  the  metals,  that  they  are  of  such  im- 
mense importance  to  mankind. 

2.  The  attraction  of  aggregation  between  the  particles  of 
liquids,  although  much  less  than  that  between  the  particles 
of  solids,  nevertheless  exists  to  a  certain  degree.    With  re- 
spect to  water,  it  is  proved  in  the  formation  of  a  drop  of  this 
ft  ii  ftbscnt  ^*^^'^»  ^^  which  every  particle  is  urged  towards  the  other  by  a 
iwtween     Certain  degree  of  force,  as  is  evinced  by  its  spherical  figure. 
des'Sr*"        *^*  Between  the  particles  of  gases,  there  is  no  attraction 
fues.        of  aggregation.    These  fluids,  as  far  as  observation  has  yet 
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•Ktendcd^  are  capaUe  of  indefinite  ezpansion;  so  that  the    Chap.L 
smailest  portion  of  them  may  fill  the  hirgest  imaginable 
space. 

4*  The  attraction  of  aggregation,  as  has  been  already  it  opposes 
mentioned,  is  always  opposed  to  the  efficacy  of  chemical  af-  J*^.^JJj^J2 
£nity.    Whenever  the  particles  of  two  dissimilar  solids  or  affioitj. 
liquids  combine  by  chemical  affinity,  it  is  because  this  latter 
Attraction  is  stronger  than  the  attraction  of  aggregation  be- 
tween the  individual  particles  of  each  body.  This  fact  sup- 
plies the  reason,  why  heat  is  so  efficacious  in  facilitating 
chemical  combination;  for  it  lessens  that  power,  which  ne- 
cessarily opposes  chemical  affinity*  When  a  solid  is  convert- 
ed into  a  liquid  by  heat,  in  so  far  it  is  rendered  more  capa- 
ble of  chemical  combination.  When  a  liquid  is  by  the  same 
means  converted  into  an  aeriform  fluid,  the  attraction  of  ag- 
gregation, as  an  opposing  force  to  chemical  affinity,  becomes 
entirely  removed. 


CHAPTER  II. 

OF  CHEMICAL  AFFINITY. 

(Sometinies  oatted,  Bsterogeneota  Ajfhfiity.) 

1.  Chemical  affinity  has  already  been  explained  to  be  that  Oheroicai 
attraction,  by  which  particles  not  of  the  same  kind  are  held  Joined.** 
together.    A  particle  of  sulphate  of  soda  is  composed  of  a 
particle  of  sulphuric  acid  and  a  particle  of  soda,  held  to- 
gether by  chemical  affinity;  but  the  different  particles  of  the 

salt  itself  are  kept  together  by  the  attraction  of  aggregation. 

2.  The  force  of  this  peculiar  attraction  varies  very  much 
according  to  the  bodies  between  which  it  is  exerted;  and  it 
is  upon  tnis  variableness  in  its  force,  that  all  the  decomposi- 
tions, which  can  be  effected  by  the  chemist,  depend. 

3.  Chemists  at  an  early  period  attempted  to  ascertain  the 
laws  of  chemical  affinity,  by  observing  the  phenomena  of 
composition  and  decomposition. 

4.  The  first  step  in  this  investigation  was  made  in  IGmts  nature 
bv  Mayow,  who  demonstrated,  that  the  previous  notion,  that  JJJ^"'*SJ; 
the  ingredients  of  any  chemical  compound  are  destroyed  in  yow L 
their  union,  was  not  founded  in  truth.   This  chemist  re- 1*^- 
marked,  with  some  precision,  the  power,  which  certain  sub- 
stances have,  of  displacing  others  from  their  combinations. 
These  observations  were  much  further  extended  in  171 B  by  and^ 
Geoffroy,  senior,  who  ascertained  a  much  larger  number  of  ^j**^* 
decompositions,  and  attempted  to  prove,  that  bodies  separate  iris. ' 
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Book  III,  each  other  from  chemical  combinations  in  an  invariable  or* 

der,  which  depended  upon  the  comparative  force  of  their 

attractions.  This  chemist  was  the  first  to  construct  tables  of 

afiinity. 

Ber^an        5.  Nothing  of  importance  was  done,  in  investigating  the 

pahhshed    j^^g  ^f  chemical  affinitv.  from  this  period,  until  Bereman 

on  the  sub-        •  «•  i      .    i  •        ..  .  ,      »  •  .      ^ 

jectin  1775;  published  his  dissertation  on  electtve  attractions  in  177 S. 
and  aMert-  According  to  this  philosopher,  chemical  affinity  is  a  certain 
micMi  affinU  invariable  torce;  so  that  when  a  substance  is  presented  to  a 
ty  »  an  in-  compound,  having  a  stronger  affinity  for  one  of  its  constitu* 

foroe.  ^  ^^^^  ^^^^  ^'^^y  ^^^^  ^^^  ^^^^  other,  it  necessarily  combines 
with  such  constituent  and  separates  the  other*  Bergman  il- 
lustrated his  opinions,  and  answered  the  objections  of  others 
with  so  much  success,  as  to  cause  his  doctrine  to  be  univer- 
sally admitted,  and  to  be  considered  as  some  of  the  best  de- 
monstrated parts  of  the  philosophy  of  chemistry*  He  con- 
structed very  copious  tables  of  chemical  affinity,  in  which 
the  different  chemical  bodies  were  arranged  in  columns,  in 
the  order  in  which  they  separated  each  other,  considered  with 
reference  to  a  given  substance  which  was  placed  above  them* 
The  body«  which  separated  all  the  rest,  was  placed  at  the 
head  of  the  column,  and  the  remainder  in  the  order  in  which 
they  separated  each  other. 
The  opi-  ^*  ^^^  opinions  of  Bergman  on  chemical  affinity  continued 
niona  of  to  receive  the  universal  assent  of  chemists,  until  BerthoUet 
^nlatted  pu^^i^^cd  ^  dissertation  on  affinity  in  the  third  volume  of 
by  Berthoi-  the  Memoirs  of  the  Institute,  and  his  Essay  upon  Chemical 
let  in  1803.  Statics,  in  1803-  According^  to  this  chemist,  affinity  is  not 
an  invariable  force.  It  is,  indeed,  different  in  degree  in  dif- 
ferent bodies;  and  the  affinity  of  one  body  for  any  other  is 
modified  by  the  mass,  in  which  it  is.presented  for  combina- 
tion. A  body,  which  has  an  affinity,  for  one  ingredient  of  a 
compound,  stronger  than  that  by  which  such  ingredient  is 
held,  does  not  necessarily  separate  the  whole  of  such  ingre- 
dient, but  combines  with  a  portion  of  it  only;  and  the  por- 
tion separated  bears  the  same  relation  to  that  which  remains 
still  combined,  as  the  respective  affinities  of  the  attracting 
body  and  the  retaining  body  hare  to  each  other.  Again;  a 
body,  reputed,  by  the  old  doctrine,  to  have  a  weaker  affinity 
for  one  of  the  constituents  of  ^a  compound  than  such  consd- 
tuents  have  for  each  other,  may  nevertheless,  according  to 
BerthoUet,  cause  a  partial  decomposition,  by  bringing  into 
operation  the  modifications  occasioned  by  mass.  For  exam- 
ple, a  large  quantity  of  potash  is  capable  of  separating  a 
portion  o(  sulphuric  acid  from  a  small  quantity  of  sulphate 
of  barytes. 

r.  The  doctrines  of  BerthoUet,  respecting  affinity,  are  in 
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many  respects  very  diflPerent  from  those  advocated  by  Berg-  Ciup.il 
man.    According  to  the  last  named  chemist,  when  one  affi-  i>,«triiie» 
nity  is  greater  than  another^  the  weaker  affinity  has  no  in- o*  Bi-rgman 
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fluence  in  a  result,  and  decomposition  is  necessarily  com-^^|^ 
plete:  according  to  BerthoUet,  when  a  body  has  an  attrac-  tntted. 
tion,  for  another  body  in  combination,  stronger  than  that  by 
which  such  lx)dy  is  held,  the  body  attracted  does  not  become 
wholly  separated,  but  is  divided,  between  the  attracting 
body  and  the  body  with  which  it  was  first  united,  in  por- 
tions, bearing  the  same  relation  to  each  other,  as  the  respec- 
tive affinities  of  these  bodies.  According  to  Bergman,  mass 
has  no  influence  over  decomposition:  according  to  Berthol- 
let,  the  power  of  attraction  of  the  decomposing  body  is  in- 
creased by  the  relative  excess  of  its  mass. 

8.  Although  mass  appears  to  be  efficacious,  it  by  no 
means  identifies  chemical  affinity  with  gravitation;  for  it  is 
not  absolute  but  relative  mass,  which  has  an  influence  in  mo- 
difying the  force  of  chemical  affinity* 

9*  The  doctrines  of  chemical  affinity,  in  their  present  un-I>oetriaea 
settled  state,  seem  to  require  for  their  explanation,  that  che-  ?".^  ^ 
mical  combinations  should  be  divided  into  those  which  t;  ke  mieai  MtA- 
place  in. definite  proportions,  and  those  which  do  not  occur  (y>  ^^  nn- 
in  this  way.  -ewou. 

10.  The  reader  has  already  been  made  acquainted  with  the 
leading  features  of  the  atomic  theory  in  a  preceding  part 
of  this  work.  All  combinations,  which  tallv  with  this  the- 
ory,  would  appear  to  take  place  according  to  the  principles 
of  Bergman,  mass  being  in  nowise  efficacious.  This  appears 
to  be  particularly  the  case  in  the  mutual  decomposition  of 
salts,  whtre  there  is  a  complete  interchange  of  ingredients. 
But  when  bodies  do  not  combine  in  definite  proportions, 
then  mass  appears  to  be  efficacious,  by  increasing  the  quan- 
tity, which  one  ingredient  of  a  mixture  may  take  up  of  some 
other  ingredient  without  being  saturated.  For  it  would  ap- 
pear, that  bodies  have  less  attraction  for  others,  with  which 
they  can  combine  in  any  proportion  within  certain  limite, 
the  nearer  the  quantities,  with  which  they  have  already  com- 
bined, approach  such  limits.  For  example,  the  increase 
of  the  mass  of  a  solvent,  while  the  body  dissolved  re- 
mains the  same,  unquestionably  makes  the  limit  of  combi- 
nation recede,  and  may  thereby  increase  the  affinity. 

11.  Since  the  new  facts  respecting  chemical  affinity  have  Tablet  of 
been  made  known,  tables  of  affinity  have  become  of  compa-^?°"«»J«^^ 
ratively  little  value.     Tables,  exhibiting  the  order  in  which  mlt  give 
bodies  decompose  each  other,  must  be  taken  with  ceruiup>««i>^  m- 
exceptions.  Thus,  with  respect  to  hydrogen  and  carbon,  it  Ja "*'"*■*'<""• 
impossible  to  ascertain  which  has  the  greatest  affinity  for 
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B#ocm.  orygen;  for,  while  charcoal  decomposes  water  at  a  red  heat, 
hydrogen  iti  its  turn  is  capable  of  decomposing  carbonit 
acid  at  the  same  temperature*  Several  similar  anomalies  in 
decomposition  obtain  with  regard  to  other  bodies* 

IS*  It  is  on  these  accounts^  that  the  student  cannot  with 
any  safety  depend  upon  the  information  given  by  tables  of 
chemical  affinity.  There  is  one  general  rule,  however,  which 
he  may  recollect  with  advantage.  It  is,  that  acids,  eithev 
uncombined  or  as  constituents  of  salts,  almost  invariably 
precipitate,  from  acid  solutions,  those  bases,  with  which  they 
form  insoluble  saline  compounds.  And  this  is  equally  true 
with  regard  to  those  bases,  which  form  insoluble  salts  with 
particular  acids.  Hence  the  importance  becomes  evident  of 
recollecting  those  salts  which  are  insoluble. 
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PART  II. 


Chemical  examination  op  nature. 


Jt  is  proposed,  in  the  second  part  of  the  present  work,  to  PavpIL 
make  but  a  partial  chemical  exaninatioQ  of  the  diflferent^|^{|j^^^ 
objects  of  nature.     All   material  bodies  are  not  equally  embnoed 
interestine  to  the  student  of  medicine.     The  mineral  kinff-'"  ^®  "^  « 
dom  constitutes  a  very  mterestmg  study;  but  it  is  not  a  ne-the  preaeat 
cessaiy  part  of  medical  chemistry.  The  regetabk  kingdom  ^^  ■^ 
fumianes  a  great  number  of  important  aliments  and  medi-ti^|^?ei2!. 
cines:  vegetables,  therefore,  will  be  examined  so  far,  as  to^oftho 
bring  under  consideration  the  nutritive  or  medicinal  forms  ^y!"'^^ 
of  the  matter  which  compose  them.     With  regard  to  ani* 
mals,  the  view  will  be  extended  no  farther  than  to  give  the 
chemistry  of  the  different  parts,  which  compose  the  human 
body. 

But  in  taking  thb  partial  chemical  view  of  nature,  the  ai*  Md  the  at- 
moaphere  which  surrounds  the  globe,  and  water j,  which,  in  "P*!*"^ 
different  states  of  purity,  forms  so  imporunt  apart  of  it,Sfthr*^" 
ipust  not  be  neglected  to  be  noticed.  These  portions  of  nature  S^o^e. 
are  particularly  interesting  to  the  student  of  medicine^  and 
should  be  carefully  studied  by  him.  Accordingly,  the  second 
part  of  this  work  will  commence  with  an  account  of  the  at* 
mosphere  and  water,  forming  the  subject  of  a  first  book. 
Vegetable  chemistry  will  then  be  considered  in  a  second 
book,  and  hujnan  animal  chemistry,  in  a  third  book. 
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BOOK  I. 

OF  THE  ATMOSPHERE  AND  WATER,  GENERALLY. 

VastIL       1*  A  very  large  proportion  of  the  matter,  which  consti- 

Boo«J-    tutcs  our  globe,  consists  of  the  atmosphere,  which  floats 

round  it  on  all  sides,  and  the  water,  which  covers  so  large  a 

Vmtara  of  portion  of  its  surface*  The  height  of  the  atmosphere  cannot 

the  atmot-  be  calculated;  for  the  indefinite  expansibility  of  air  docs  not 

'  ***'        leave  room  for  belief,  that  this  fluid  would  ever  refuse  to- 

ezpand  in  open  space,  however  rare  it  might  become.  The 

weight  of  the  atmosphere  may  be  ascertained  by  observing 

the  weight  of  a  column  of  mercury,  sustained  by  its  pressure 

in  a  barometrical  tube.  The  weight  of  a  column  of  mercury, 

thus  sustained,  has  been  demonstrated  to  be  equal  to  that  of  all 

the  atmosphere,  which  presses  upon  a  base  equal  to  the  base 

of  such  column.  The  height  of  the  column  sustained  by  the 

atmosphere  is  diflferent  at  different  times,  and  hence  it  is 

proved,  that  the  weight  of  the  atmosphere  varies;  but  taking 

the  mean  height  of  the  barometer  to  be  thirty  inches,  and 

consequently  the  mean  weight  of  the  air  to  be  indicated  by 

the:  weight  of  such  a  column,  then  it  is  evident,  that  the 

weight  of  a  hollow  shell  of  mercur) ,  enclosing  the  earth  and 

thirty  inches  in  thickness,  would  be  the  same  as  the  weight 

of  the  whole  atmosphere  at  a  medium  pressure.    In  this 

way,  the  atmosphere  has  been  calculated  to  weigh  more  than 

955  millions  of  millions  of  tons. 

The  water     2.  There  is  no  method  for  ascertaininc:  the  quantity  of 

^lUDot  be    ^a^"**  of  which  the  globe  is  formed,  as  there  is  no  means  of 

oidcalated    determining  the  depth  of  the  ocean,  which  forms  the  great 

d'^  "of    rc**^r^'o^r  of  this  liquid.  Upon  the  supposition,  that  the  mean 

precinoiL    depth  of  the  sea  is  not  more  than  a  quarter  of  a  mile,  and 

that  three-quarters  of  the  earth's  surface  is  covered  by  it, 

Dr.  Thomson  calculates,  that  the  solid  contents  of  the  ocean 

would  be  somewhat  more  than  thirty-two  millions  of  cubic 

miles. 

3.  What  has  been  already  said,  respecting  the  atmosphere 
and  water  of  the  globe,  may  be  considered  as  belonging  to 
the  department  of  mechanical  philosophy  rather  than  to  che- 
mistry. It  now  becomes  proper  to  take  up  the  consideration 
of  these  objects  for  investigation  separately,  in  a  chemical 
point  of  view;  and  this  is  done  in  the  two  following  chapters. 
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CHAPTER  I. 

OF  THE  ATMOSPHERE. 

1.  It  has  already  been  stated  in  a  foregoing  part  of  this  The  itmcM- 
work,  that  the  great  bulk  of  the  atmosphere  consists  of  anjjI^^^'^^ypQf 
air  composed  of  oxygtn  and  azote.    This  air  has  been  called 

by  chemists  atmospheric  air.  But,  besides  this  compound 
air,  the  atmosphere  contains  a  variable  quantity  of  water  in 
a  state  of  vapour,  and  a  small  proportion  of  carbonic  acid. 
So  that,  excluding  accidental  bodies  which  may  float  in  it, 
the  atmosphere  is  made  up  of  ^  Atmoi- 

1.  Atmospheric  air,  pheHcair. 

2.  Vapour,  !nT"^: 

3.  Carbonic  acid.  leid. 

2.  In  the  common  acceptation,  however,  of  the  term  at- 
fnospheric  air^  the  whole  atmosphere  is  meant*  The  pre- 
sence of  vapour  and  carbonic  acid,  occurring  in  so  small 
amounts  does  not  alter  perceptibly  its  properties;  and  when 
the  mechanical  properties  of  atmospheric  air  are  investigated, 
it  is  sufficiently  pure  for  the  purpose  of  experiment,  as  it 
exists  in  the  atmosphere. 

3.  Atmospheric  air  is  an  invisible  elastic  fluid.  By  rea-  Properties 
son  of  its  elasticity,  it  is  dense&t  near  the  surface  of  the  °*|,*ri!J^p. 
earth,  and  its  density  diminishes  with  its  height.  It  has  been 
ascertained  by  experiment,  that  the  density  decreases  in  a 
geometrical,  as  the  height  increases  in  an  arithmetical  pro- 
gression. Its  apparent  visibility,  deduced  from  the  blue  co- 
lour of  the  sky,  has  been  ascertained  to  depend  upon  the 
presence  of  vapour.  Saussure  has  found  in  his  observations, 

that  the  sky  has  a  deeper  shade  of  blue,  the  hight- r  the  point 
is,  from  which  it  may  be  viewed.  This  circumstance,  he 
ascribes  to  the  diminishing  quantity  of  vapours  suspended 
in  the  higher  regions  of  the  air,  affording  a  diminished 
reflection  of  light. 

4.  By  the  common  consent  of  chemists,  atmospheric  air  The  weight 
is  assumed  as  the  standard,  with  which  the  specific  gravities  ^,*[j^^^' 
dl  all  aeriform  fluids  are  compared;  and  hence  its  specific  c«>mpai«d 
gravity  is  taken  at  unity.  Compared  bulk  for  bulk  with  wa-  jJ^JJ^\^*  * 
ter,  it  is  828  times  lighter  than  this  liquid.    One  hundred 

cubic  inches  of  it  weigh  30.5  grains,  troy. 

5.  According  to  the  most  accurate  analyses,  reduced  to  Vta  compo- 
numbers  which  best  accord  with  the  atomic  theory,  atmos-  St^ij£iy!* 
pheric  air  is  composed  of 

Oxygen         8*00— one  atom. 
Azote  26*33— 

From  this  statement  it  appears,  that  the  proportion,  in 
which  oxygen  and  azote  combine  in  the  formation  of  atmos- 

3N 
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PaktII.  pheric  air,  docs  not  accord  with  any  atomic  supposition  of 
^*^'^*'  combination.  The  quantity  of  azote,  combined  with  one 
atom  of  oxygen,  indicates  somewhat  less  than  two  atoms* 
Atmospheric  air  is  undoubtedly  a  chemical  compound,  al« 
though  its  ingredients  may  be  united  in  a  manner  peculiar 
to  the  gases,  w  hen  they  combine  without  losing  their  gaseous 
form, 
bj  bulk,         One  hundred  parts  of  atmospheric  air  are  composed, 

by  bulk  of 

Oxygen         21 
Azote  79 

100 
and  by  by  Weight  of 

""^^  Oxygen         23-299 

Azote  76-701 

100-000 
Fir^  step       6.  Having  given  the  composition  of  atmospheric  air,  it  is 
ooveiT  of'   ^*^^^  proper  to  lay  before  the  reader  some  account  of  the 
the  eoasU-  discovery  of  its  compound  nature.  The  first  step  in  this  ob- 
m««i!h^rio' j^^^  of  research  was  made  by  Priestley,  in  his  discovery  of 
sir,  made    oxygen  gas.  This  chemist  supposed,  that  the  gas  now  known 
by  Priest-  j^y  jjj^  n<ime  of  azote  was  in  fact  nothing  but  ox\gen  gas 
saturated  with  phlogiston;  and  hence  he  believed,  that  com- 
mon air  was  oxygen  gas,  combined  with  a  variable  quantity 
of  this   imaginary   principle.    About   the   same  time  that 
Priestley  came  to  this  conclusion  respecting  the  nature  of 
atmospheric  air,   Scheele  was  employed  in  making  experi- 
ments with  a  view  to  determine  its  composition*   This  che- 
Seheeie's    mist  found,  that,  upon  exposing  a  given  portion  of  air  to  the 
JI^JJJ^jJl"  action  of  the  liquid  sulphurets,  its  bulk  was  diminished,  and 
motpherio   it  was  no  longer  capable  of  supporting  flame.  He,  therefore, 
■"■J  concluded,  that  the  portion  which  gave  the  air  the  property 

of  supporting  fl  «me  had  disappeared,  and  called  what  re- 
mained ^bu/afr.  He  ascertained  also,  that  the  air  which  had 
disappeared  was  the  same  with  that,  which  is  extricated  from 
nitrate  of  potash  (nitre),  or  peroxide  of  manganese  by  heat; 
since  upon  mixing  this  air  with  his  Jbul  air  in  certain  pro- 
portions, he  produced  atmospheric  air*  To  this  latter  air,  he 
gave  the  name  of  empyreal  air, 
and  his  eon-  7*  Thus  it  appears,  that  Scheele  discovered  the  actual 
constituents  of  atmospheric  air.  He,  however,  did  not  be- 
lieve, that  the  effect  of  the  liquid  sulphurets  was  to  absorb 
his  empyreal  air.  According  to  his  theory,  this  latter  air 
disappeared  in  consequence  of  its  combining  with  the  phlo- 
giston of  the  sulphurct;  in  which  state  of  combination,  he 
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supposed  it  to  form  caloric,  and  to  pass  through  the  vessel.  Cuxr.  I. 
So  that  Schceh',  like  Priestley,  erred  in  the  theory,  which 
he  adopted  rtspecting  the  constituents  of  air* 

8.  Lavoisier  appears  to  have  been  the  first  chemist,  who  Uvoiaier 
drew  the  proper  conclusions  from  the  experiments,  which  ?.**•*  **'"**^ 
indicated  the  constituents  of  atmospheric  air.    He  exposed  coDciusions 
mercury  to  its  boiling  heat,  and  found  that  it  became  con-  '"rom  the 
verted  into  the  peroxide  (red  oxide).  Part  of  the  air  which  menul 
had  been  confined  over  it  had  disappeared,  and  what  remain-  «*»>«»»  indi- 
ed  was  incapable  of  supporting  flame.    This  chemist  ascer-  ^^titu* 
tained  further,  that  the  air  which  had  disappeared  had  actu-  ents  of  at- 
ally  combined  with  the  peroxide  formed;  for  when  this  ox-  jJjJ*P*»eiio 
ide   was  exposed  to  heat,  it  yielded  an  atr,  which,  by  mix- 
ture with  the  residual  air  just  spoken  of,  reproduced  the  at- 
mospheric air.     Lavoisier  also  ascertained,  that  the  liquid 
sulphurets  actually  absorbed  one  constituent  of  atmospheric 

air,  the  constituent  afterwards  known  by  the  name  of  oxygen 
gas,  and  that  the  sulphur  which  they  contained  was  acidi- 
fied. Thus  he  disproved  the  theory  of  Scheele  with  respect 
to  the  disappearance  of  the  oxygen  gas. 

9.  As  soon  as  the  composition  of  atmospheric  air  was  sa-  The  parity 
tisfactorily  made  out,  upon  comparing  together  the  proper-  p{j*JJJ^p 
ties  of  its  constituents,  chemists  very  confidently  concluded,  pretum-  * 
that  its  purity  must  depend  upon  the  quantity  of  oxygen  **'*'*"^ 
which  it  might  contain.     Accordingly,  they  set  about  con-  apon  the 
triving  a  number  of  instruments,  by  which  the  proportion  of  ^i^*"^^!  p^ 
oxygen,  existing  in  any  given  portion  of  atmospheric  air,  ^gEt'con- 
might  be  measured.  These  instruments,  from  their  supposed  taia. 
use  in  ascertaining  the  purity  of  air,  were  called  eudiome- 
ters. 

10.  All  the  eudiometers  invented  agreed  in  being  so  many  Principal 
different  plans,  by  which  the  oxygen  contained  in  any  given  te«"are 
portion  of  air  might  be  wholly  abstracted;  and  the  purity  of  those  of 
the  air  experimented  upon  was  supposed  to  be  proportional  g^ieelc^' 
to  the  smallness  of  the  residuuni.    The  principal  ones  are  voita  and 
those  of  Priestley,  of  Scheele,  of  Volta,  and  of  Berthollet.  BerthoUet. 
The  eudiometer  of  Priestley  depended,  for  the  results  which 

it  gave,  upon  the  property  possessed  by  deutoxide  of  azote 
(nitrous  gas),  of  absorbing  oxygen  gas  from  atmospheric  air 
and  being  converted  into  nitrous  acid.  That  of  Scheele  con- 
sisted of  a  portion  of  air,  confined  with  an  alkaline  sulphu- 
ret,  or  a  moistened  mixture  of  iron  filings  and  sulphur,  in 
an  inverted  graduated  glass  tube,  over  water.  These  sub- 
stances have  the  property  of  absorbing  all  the  oxygen  con- 
tained in  any  insulated  portion  of  atmospheric  air.  Hence 
the  qaintity  of  the  oxygen  is  indicated  by  the  quantity  of 
air  which  has  disappeared,  as  measured  by  the  ascent  of  the 
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Pabt  II.  water  in  the  tube.    Volta's  eudioi»et«r  coneiBted  of  a  nix* 
^^^^'    ture,  in  proper  proportions^  of  atmospheric  air  and  hydrogea 
gas,  which  was  fired  by  the  electric  spark*     The  hydrogea 
by  its  inflammation  separates  all  the  oxygen,  the   product 
being  water;  so  that  what  remains  is  pure  azote.  The  oxy- 
gen  is  indicated  by  the  diminution  .in  bulk  of  the  airs  em- 
ployed.   Berthollet's  eudiometer  indicated  the  proportional 
quantity  of  oxygen  in  atmospheric  air  by  means  of  the  sloir 
combustion  of  phosphorus*    This  combustible  was  confined 
with  a  given  portion  of  air  over  water.     After  the  lapse  of 
some  time,  the  whole  of  the  oxygen  present  became  ab* 
aorbed* 
Atmoiphe-      11.  The  result  of  the  experiments  made  with  eudiometers 
ivays  oon-    ^^  ^^^"  ^^  show^  that  atmospheric  air,  from  whatever  situ- 
tains  the     ation  it  may  be  obtained,  always  contains  the  same  propor- 
portifm'of  ^^^^^  ^^  oxygen  and  azote*     Air  has  been  examined  from' 
oxygen,      different  parts  of  the  world;  it  has  been  analyzed  as  it  exists 
on  the  tops  of  the  highest  mountains,  and  in  situations  more 
than  four  thousand  feet  above  the  earth's  surface,  from 
which  height  it  has  been  brought  down  by  balloons;  it  has 
been  subjected  to  experiments  as  it  exists  in  places  in  the 
vicinity  of  marshes,  and  where  putrid  and  noxious  effluvia 
abound;  and  notwithstanding  it  has  always  been  found  to 
contain  exactly  the  same  proportions  of  oxygen  and  azote* 
Thus^  then,  have  terminated  the  eudiometrical  experiments^ 
from  which  so  much  was  expected  in  elucidauon  of  the  hid- 
den causes  of  the  unwholesomeness  of  air  in  particular  situ- 
ations, and  during  the   prevalence  of  epidemic  diseases. 
They  have  shown  most  clearly,  that  the  causes,  which  ren- 
der atmospheric  air  noxious,  are  not  such  as  produce  che- 
mical changes  upon  it,  but  probably  are  of  so  hidden  a  na- 
ture as  to  be  out  of  the  reach  of  chemistry  to  discover. 
Betidei  at-      12.  Having  finished  the  consideration  of  atmospheric  air, 
iSr'thr^-  ^^  which  very  nearly  the  whole  bulk  of  the  atmosphere  is 
mosphere   composed;  it  is  next  proper  to  consider  its  other  compo- 
^^^'      nent  parts,  namely,  water  and  carbonic  acid* 
suteof  1^-  It  has  been  ascertained,  that  the  atmosphere  in  its 

▼apoor.  dryest  state  contains  a  quantity  of  water*  Thus  concentrated 
sulphuric  acid  abstracts  moisture  from  it  under  all  circum* 
stances;  and  hence  this  acid  by  exposure  to  air  becomes 
gradually  more  and  more  diluted,  or  in  other  words  loses 
its  stHerigth*  Some  substances  imbibe  water  from  the  atmos- 
phere when  it  is  loaded  with  moisture,  and  part  with  it 
agnin  when  it  becomes  comparatively  dry*  Such  substances 
havi  been  employed  to  measure  the  quanti^^  of  moisture, 
which  may  exist  in  the  atmosphere  at  different  times,  by 
t^ingadvan^«i|ge  of  their  property  of  expanding  by  absorp- 
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tion  of  tttoisture^  and  contraotiog  by  its  abstraction*  Inatrttff  Cbai.  -t 
ments  constructed  by  roeana  of  such  substances  are  called  nuitraT**^ 
At/fframeters.  Saussure's  hygrometer  is  formed  of  a  human  ni«rts 
hair,  so  arranged  as  to  move  an  index*  Oeluc's  hyg^omt:^  ^u^'the^' 
ter  is  the  same  in  construction  as  Saussure's,  hut  the  hygro«>  quiintity  of 
metric  substance  employed  is  a  thin  slip  of  whalebone.  The  ^^"^^^1^^ 
hygrometer  invented  by  Wilson  consists  of  a  rat's  bladder,  pbere,  eiffl- 
to  which  is  fixed  a  tube,  part  of  which,  together  with  thc'***'^**^ 
bladder,  is  filled  with  mercury.  The  contractions  or  di<- 
latations  of  the  bladder  produce  a  corresponding  rising  or 
falling  of  the  mercury  in  the  tube.    The  scales  of  hygrome* 
ters  are  formed  by  ascertaining  two  points,  the  extremes  of 
moisture  and  dryness,  and  dividing  the  intervening  space 
into  one  hundred  equal  parts,  called  degrees.     The  point  of 
extreme  dryness  is  obtained  by  exposing  the  hygrometer  to 
air,  made  as  dry  as  possible  by   salts  which  are  known  to 
have  an  avidity  for  moisture;  and  the  point  of  extreme  mois* 
ture,  by  exposing  the  instrument  to  air,  in  its  most  humid 
state. 

14.  It  was  originally  supposed,  that  water  existed  in  the  Water  is 
atmosphere  in  a  state  of  dissolution,  and  many  philosophers  ^\n"^Jt. 
have  embraced  this  opinion.  This  supposition,  however,  ap-  motphere. 
pears  to  have  been  completely  disproved  by   Dalton,  who 
considers,  that  the  water,  existing  in  the  atmosphere,  is  al- 
ways in  the  form  of  an  elastic  vapour.    The  following  very 
conclusive  reasons  have  been  adduced  by  this  chemist  in 
proof  of  this  opinion. 

[1.]  Water  loses  its  liquid  form  faster  when  exposed  to  a 
rare  air  than  to  a  dense  air;  and  it  disappears  fastest  of  all 
in  an  exhausted  receiver.  Now  this  is  just  what  ought  to 
take  place  on  the  supposition,  that  water  exists  in  the  atmos- 
phere in  a  state  of  vapour,  but  diametrically  contrary  to 
what  ought  to  occur,  if  the  atmosphere  acted  as  a  solvent 
merely. 

[2.]  When  water  disappears  in  air  by  what  is  called  spon- 
taneous evaporation,  cold  is  generated.  Now  if  the  water 
which  disappears  is  merely  dissolved,  there  is  no  reason  why 
cold  should  be  produced;  whereas,  on  the  supposition  that 
it  exists  in  the  air  in  a  state  of  vapour,  the  production  of 
cold  would  be  a  necessary  consequence  of  its  evaporation. 

[3.]  Mr.  Dalton  has  proved  that  water,  which  is  present 
in  air,  possesses  the  same  degree  of  elasticity,  as  it  does  in 
a  state  of  vapour,  in  a  vacuum,  at  the  same  temperature. 
Therefore  the  conclusion  is  unavoidable,  that  it  exists  in  the 
state  of  vapour  in  air. 

15.  Nothing  has  as  yet  been  said  respecting  the  quantity  Q"«ntjty  of 
of  water^  in  a  state  of  vapour,  in  the  atinosphere.    This  is  the  «tmo*- 
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Past  il  known  to  every  one  to  be  very  variable.  Sausaure  calculates, 
^^^'^'  that  a  cubic  foot  of  air,  when  fully  saturated  with  moisturet 
phere^Twi- contains  aboat   eight  grains  of   water,  or  ^th  part  of  its 
^^  w^eight.    Dalton,  from  his  experiments,  concludes,  that  the 

medium  quantity  of  vapour,  held  by  the  atmosphere  in 
England,  is  Vb^tb  of  its  bulk. 
The  third        16.  The  Other  ingredient  in  the  atmosphere,  carbonic  acid, 
eompoBent  \^  alwavs  present,  although  in  small  amount.     It  has  been 
atmotphere  detected  m  the  atmosphere  of  mountams,  and  m  air,  which 
il  earboDie  had  been  brought  down  from  a  very  great  height  above  the 
hrtsinair'  earth's  surface  by  means  of  balloons.  Its  quantity,  esUmated 
liiaeety  and  by  bulk,  according  to  Humboldt,  varies  from  one  to  half  a 
h«ighu.      P^^  ^^^^  Dalton  calculates  its  quantity  at  r^^h  of  the  bulk 
The  quan-  of  the  atmosphere,  that  is,  yV^h  of  one  per  cenu;  but  the  me- 
^51 P*^^"^  thod  adopted  by  this  chemise  for  ascertaining  the  point  is 
lu^by^  not  susceptible  of  much  precision*  Considering  how  great  a 
chemuu.    quantity  of  this  acid  is  formed  during  the  respiration  of  ani- 
mals and  in  combustion,  it  must  be  matter  of  surprise,  that 
so  small  a  |K>rtion  of  it  exists  in  the  atmosphc*re.   It  has  been 
ascertained,  that  air,  containing  tV^I^  of  i^s  weight  of  carbo- 
nic acid,  extinguishes  flame  and    is  noxious    to    animals. 
There   is  reason,  however,  to  believe,  that  the  vegetable 
kingdom  prevents  the  occurrence  'of  any  over-proportion  of 
carbonic  acid  in  the  atmosphere;  as  it  has  been  completely 
ascertained,  that  plants  decompose  this  acid  during  their  ve- 
getation* 


CHAPTER  IL 

OF  WATER. 

1.  Water  having  been  noticed  incidentally  only  under 
the  head  of  hydrogen,  it  becomes  necessary  to  give  it  a  par- 
ticular consideration;  and  this  will  be  done  in  the  present 
chapter. 
Properties  2.  Water,  rendered  pure  by  distillation,  is  a  transparent 
^ure  wa-  ^q^{^^  destitute  of  colour,  taste,  or  smell.  In  its  purest  state 
in  nature,  it  contains  atmospheric  air,  carbonic  acid,  and 
carbonate  of  lime.  It  loses  its  gaseous  constituents  by  boil- 
ing, and  becomes  flat  and  insipid.  By  the  common  consent 
of  chemists,  it  is  made  the  standard  of  comparison  of  the 
specific  weight  of  all  solid  and  liquid  bodies.  A  cubic  foot 
of  water,  at  the  temperature  of  4()*^,  at  which  point  its  den- 
sity is  greatest,  weighs  ver}'  nearly  one  thousand  ounces, 
avoirdupois. 

3.  When  cooled  down  to  the  temperature  of  32<>,  water 
takes  the  crystallized  form,  and  is  called  ice. .  When  expo- 
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sed  to  a  heat  of  212^,  it  becomes  an  elastic  fluid  under  the  Chap.  ii. 
name  of  steam.  Steam,  at  the  temperature  of  212°  and  un-  it,  freez- 
dcr  a  medium  pressure,  is  1698  times  lighter  than  an  equaling  point, 
bulk   of    water.    Its  specific    gravity  is   0-623,   compared  ?f*p^^^' 
with  atmospheric  air  as  1.   At  high  temperatures,  its  tlasti-  sifiv. 
city  is  exceedingly  great.  It  is  by  its  elasticity  that  steam 
acts,  in  causing  the  motion  of  that  most  useful  machine  the 
steam  engine. 

4.  Water,  as  it  exists  in  nature,  is  distinguished  by  seve-  Water  is 
ral  names,  according  to  its  quality  and  the  sources  from  dytinj^imh- 
which   it  is  obtained.  Rain  water  constitutes  a  very  pure  yerai  kinds. 
water;  it  contains,  however,  common  air  and  carbonic  acid 

gaa^  and  some  carbonate  of  lime.  Snow  water  is  very  pure, 
and  destitute  of  any  air.  The  water  of  rivers  is  very  variable 
in  its  purity,  and  as  to  the  foreign  bodies  which  it  may  con- 
tain; and  this  arises  from  the  particular  nature  of  its  bed.  In 
general,  this  water  contains  the  usual  gaseous  constituents, 
together  with  a  small  quantity*  of  carbonate  of  lin^e  and  chlo- 
ride of  sodium  (common  salt).  Well  water  is  generally  a 
very  impure  kind  of  water.  It  is  usually  obtained  from  a 
very  considerable  depth  in  the  earth,  where  water  is  almost 
always  impregnated,  by  gradual  filtration  from  the  surface, 
with  a  number  of  salts.  Well  water  is  most  frequendy  of 
diat  kind  which  is  called  hardwater^  so  called  from  its  cur- 
dling soap.  Such  water  is  unfit  for  washing  clothes  and 
other  domestic  purposes,  and  owes  its  property  of  decom- 
posing soap  to  the  presence  generally  of  sulphate  of  lime 
(gypsum).  Tlie  acid  of  this  salt,  when  it  meets  with  soap, 
combines  with  the  alkaline  base  of  the  latter,  while  the  lime 
forms  an  insoluble  compound  with  its  fixed  oil. 

5.  By  far  the  largest  portion  of  the  water  of  the  globe  Sea  vater 
contains,  dissolved  in  it,  a  number  of  substances  in  pretty  ve«?8ub-**' 
large  amount,  constituting  what  is  called  sea  water*    Asunees. 
great  number  of  experiments  have  been  made  to  ascertain 

the  exact  constituents  of  sea  water.  The  amount  of  the 

substances  dissolved  in  it  has  not  been  found  to  differ  much 

in  different  latitudes;  it  varies  from  three  to  four  per  cent. 

10,000  parts  of  sea  water,  obtained  from  the  Frith  of  Forth, 

of  the  specific  gravity  of  1-029,  was  found  by  Dr.  Murray  Anaijwa  <sr 

to  contain  of  J^"®J  ^"^^^ 

Chloride  of  sodium  (common  salt)  22001      liarnkV- 

magnesium  (muriate  of  magnesia)     42*08 
calcium  (muriate  of  lime)  7*84 

Sulphate  of  soda  (Glauber's  salt)  33*16 

303*09 
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This  proportional  quantiry  of  constituents  for  sea  water 
amounts  to  about  3  ptr  ct- nt.  Tht:  chloride  of  sodium  (com- 
mon salt)  amounts  to  2|  per  cent* 

In  analyses  of  sea  water  as  usually  made^  the  sulphates  of 
lime  and  of  magnesia  are  given.  These  salts  are  not  among 
the  constituents  of  sea  water  in  the  above  analysis;  and  Dr. 
Murray  has  shown,  th^t  they  do  not  exist  in  sea  water,  but 
are  formed  by  double  decompositions,  which  occur  during 
the  usual  processes  of  analysis  by  evaporation  and  crystal- 
lization. 

6.  Some  of  the  chemical  relations  of  water  have  been 
given,  in  the  account  of  almost  every  substance  treated  of 
in  this  work.  Notwithstanding,  it  may  be  proper  to  reca- 
pitulate some  of  them  in  the  present  chapter.  Water  is  not 
decomposed  by  any  of  the  undecompoimded  supporters,  or 
b\  phosphorus  or  sulphur;  but  charcoal,  at  a  red  heat,  ef- 
fects its  decomposition,  carbonic  acid  and  bihydroguret  of 
carbon  being  formed.  It  is  decomposed  rapidly  by  potassi* 
um  and  sodium,  hydrogen  being  extricated,  which  inflames 
by  the  heat  generated,  and  the  combustibles  themselves  con- 
verted into  potash  and  soda  respectively.  It  is  decomposed 
also,  by  iron,  zidc,  antimony,  and  tin,  when  assisted  by 
heat;  but  is  not  acted  upon  by  copper,  silver,  gold  or  pla- 
tinum. It  combiners  with  the  alkaline  salifiable  bases  both  in 
the  solid  and  liquid  form;  but  with  the  earthy  bases,  in 
the  form  of  a  hydrate  only.  It  forms  hydrates  also  with  a 
number  of  salifiable  bases  oi  the  third  class,  commonly  call- 
ed metallic  oxides. 

7*  Water  is  capable  of  combining  with  oxygen.  This  ex- 
traordinary discovery  was  made,  towards  the  close  of  the 
last  year,  by  Thenard,  while  pursuing  his  researches  on  the 
oxidizement  of  different  substances,  to  which  he  was  led 
by  his  previous  discovery  of  the  oxidized  acids* 

[l.]  The  first  process,  which  Thenard  pursued  tooxidize 
wattrr,  was  to  pour,  by  degrees,  bar3^es  water  upon  oxy- 
sulphuric  acid:  sulphate  of  barytes  was  immediately  form- 
ed, and  the  excess  of  oxygen  of  the  acid  became  transferred 
to  the  water.  By  this  method,  water  was  obtained,  contain- 
ing six  times  ,its  volume  of  oxygen.  This  chemist  after- 
ivards  obtained  water,  containing  forty-one  times  its  vo- 
lume, in  the  following  manner:  he  placed  1200  parts  of 
water,  containing  thn-e  and  a  half  times  its  volume  of 
oxygen,  under  the  receiver  of  an  air  pump,  with  a  cap- 
sule containing  sulphuric  acid  placed  above  it.  Upop  ex- 
hausting the  receiver,  the  oxidized  water  became  congealed, 
and,  after  the  lapse  of  some  days,  was  reduced  to  30  parts, 
which  proved  to  contain  all  the  oxygen,  which  existed  ori- 
ginally in  the  1200  parts. 
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[2.]  Water,  contiuiiing  forty-one  volumes  of  oxygen,  was  Osa>.  il 
found  to  possess  the  following  properties.  It  is  an  insipid,  ""■"■"*'"" 
inodorous,  colourless  liquid,  not  decomposable  by  freezing, 
or  in  the  vacuum  of  an  air  pump.  It  disengages  its  oxygen 
upon  boiling.  Its  oxygen  becomc^s  disengaged  also  by  the 
addition  of  metallic  oxides,  which  are  themselves  reduced. 
Many  metals  produce  the  same  effect.  With  respect  to 
these  decompositions,  Thenard  remarks,  that  they  cannot 
be  referred  to  the  operation  of  ordinary  affinities,  but  are 
most  probably  due  to  electricity. 

[3*]  By  employing  a  solution  of  peroxide  of  barium,  and 
precipitating  the  barium  by  means  of  hydrochloric  acid, 
Thenard  subsequently  succeeded  in  obtaining  water,  hold- 
ing in  combination  as  much  as  120  times  its  volume  of  oxy- 
gen. Water,  oxidized  to  this  extent,  by  being  concentrated 
under  the  receiver  of  an  air  pump  along  with  sulphuric 
acid,  was  ultimately  brought  to  contain  400  times  its  volume 
of  oxygen* 

[4.]  Water,  oxidized  to  this  extent,  when  placed  upon  Propertie* 
the  skin,  attacks  the  cuticle  and  turns  it  white,  and,  in  a  ofp«roxidi- 

1*.  .fl       •  •«.•••  «^  •    SCO  ^ 
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little  time,  causes  violent  pricking  sensations.  Its  taste  is 
a  mixture  of  astringency  and  bitterness,  producing  a  nau- 
seous impression  in  the  mouth.  When  a  few  drops  of  it 
are  put  into  a  tube,  and  a  little  oxide  of  silver  added,  a  vio- 
lent effervescence  of  oxygen  takes  place,  and  the  tube  be- 
comes so  hot,  as  not  to  admit  of  being  held  in  the  hand. 
After  the  action  is  over,  the  contents  of  the  tube  are  pure 
water  and  metallic  silver.  If  the  same  experiment  be  re- 
peated with  a  somewhat  larger  quantity  of  the  oxidized 
water,  and  with  oxide  of  silver  newly  precipitated  and  yet 
moist,  the  extrication  of  oxygen  is  so  sudden  as  to  produce 
a  sort  of  explosion. 

[5.]  Thenard  has  remarked,  that  one  set  of  substances 
seem  to  increase  the  affinity  of  the  oxygen  for  the  water, 
while  another  set  always  tend  to  separate  it.  Belonging  to 
the  former  are  the  acids;  to  the  latter,  the  metals,  their  ox- 
ides, and  sulphur  and  charcoal.  These  facts  go  to  confirm 
the  opinion,  which  this  chemist  holds,  that  the  decomposi- 
tions of  oxidized  water  are  due  to  the  influence  of  electri- 
city.* 

8.  Water  is  composed,  atomically,  of  Compod- 

Oxygen  8— one  atom.  ^<«  of  ▼• 

Hydrogen  1— -one  atom* 


*  Annftlet  de  Chtmi«  et  de  Phjnqae,  tome  be.  (1818)  p.  914  et  441— tome  x. 
Tl«19)p.  114. 
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THE  ATMOSPHERE  AND  WATER  GENERALLY. 


Paht  IL  ^*  Water  is  the  only,  oxide  of  hydrogen  known,  and  is  a 
Book  I.  product  in  all  cases  of  combustion.  As  a  chemical  body^  it 
Water  the  Stands  alone,  having  no  tolerably  exact  analogy  to  any  other 
only  oxide  substancc.  Considered  as  an  oxide,  it  cannot  be  associated 
^n  Wwn.  ^^^^  ^^y  of  ^^^  oxides  of  combustibles.  Leaving  out  of  the 
Reflections  ^wcstion  its  want  of  sensible  properties,  it  has  very  few  ana- 
on  iu  na-  logies,  in  its  chemical  relations,  to  these  bodies,  although 
**"*•  similarly  constituted  with  them.  As  an  agent  in  chemistry, 

it  is  one  of  the  most  powerful  employed;  and  although,  by- 
superficial  observers,  its  want  of  sensible  properties  may 
be  taken  as  an  indication  of  inertness,  yet  this  is  by  no 
means  a  fair  conclusion.  Sensible  properties,  as  taste,  smell, 
&c.  form  no  part  of  chemistry.  They  may  be  enumerated 
to  identify  particular  substances;  but   they  have  no  con- 
nexion with  chemical  action.  Water  is  as  corrosive  as  pure 
potash  or  as  nitric  acid,  if  the  human  body  be  not  taken  aft 
the  standard  of  comparison.  The  chemical  inertness  of  wa- 
ter, with  regard  to  the  human  body  and  to  living  animals 
generally,  was  established  by  the  great  Author  of  nature  for 
the  wisest  of  purposes.  Such  a  liquid  as  water  was  neces- 
sary for  the  use  and  preservation  of  living  animals.  To  an- 
swer the  ends  for  which  it  was  intended,  it  must  not  act 
upon  the  matter  of  which  living  bodies  are  formed,  and  it 
must  be  free  from  taste,  smell  or  colour;  but  none  of  these 
qualities  impressed  upon  it,  make  it  less  active  in  its  general 
relations  as  a  chemical  agent. 
Composi'         lO*  The  composition  of  water  was  discovered  in  consc- 
tioD  of  w&-  quence  of  the  researches  made  by  chemists  into  the  pheno- 
vered'in^    mena,  attendant  upon  the  combustion  of  hydrogen  gas«  At 
eonse-        the  time  these  researches  were  made,  water  was  considered 
Sie  "ruear.  ^°  ^^  *°  elementary  substance,  and  no  experiments  had  beea 
chesmade  instituted  under  the  influence  of  a  contrary  belief.  Scheele 
^^*»®^""  was  the  first  chemist,  who  made  experiments  with  a  view  to 
of \he  com- discover  the  product  of  the  combustion  of  hydrogen.  This 
bastion  of   chemist  concluded,  that  the  gas,  during  this  process,  com- 
'  "^*"'   bined  with  oxygen  and  formed  caloric,  supposing  that  hy- 
drogen was  identical  with  phlogiston.  In  1776  Macquer  set 
fire  to  a  quantity  of  hydrogen  in  a  bottle,  and  held  a  saucer 
over  the  flame,  in  order  to  ascertain  the  product.  The  saucer 
was  moistened  with  a  liquid,  which  proved  to  be  pure  water. 
It  would  seem,  however,  that  no  particular  conclusion  was 
drawn  from  this  experiment.  The  succeeding  year  Bucquet 
and  Lavoisier  exploded  oxygen  and  hydrogen  gases  with  a 
view  to  discover  the  product.  Bucquet  supposed  it  would 
be  carbonic  acid,  while  Lavoisier  was  inclined  to  believe 
that  it  would  be  sulphuric  or  sulphurous  acid.  They  did  not 
discover  what  the  product  was,  but  ascertained  that  Buc- 
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quet*s  suspicion  was  ill  foundtrd*  In  the  beginning  of  the  Cwap.  if. 
year  1781,  Dr.  Priestley  fired  a  mixture  of  ox\gen  and  hy-  " 
droi^n  gases  in  a  glass  vessel.  The  inside  of  the  vessel  he- 
cam^  moist,  and  covered  with  a  sooty  appearance.  Dr. 
Priestley,  however,  did  not  come  to  the  proper  conclusion 
from  his  experiment.  He  afterwards  ascertained,  that  the 
sooty  matter  which  appeared  was  derived  from  the  mercury, 
which  had  been  used  in  the  filling  of  the  vessel. 

11.  In  the  summer  of  1781,  Cavendish  fired  u  large  quan- 
tity of  hydrogen  gas,  mixed  with  atmospheric  air,  and  ob- 
tained a  portion  of  pure  water.    He  exploded  the  same  gas 
mixed  with  oxygen  gas,  and  the  product  was  the  same.  From 
these  experiments.  Cavendish  concluded,  that  the  product  of 
the  combustion  of  hydrogen  is  water;  and,  as  hydrogen  com- 
bines with  oxygen  during  combustion,  that  water  must  be  a 
compound  of  oxygen  and  hydrogen.    Thus  Cavendish,  by  CaT«n<lith, 
sticceeding  in  ascertaining  the  product  of  the  combustion  of  **>«/«**  *^^»- 
hydrogen,  made  the  memorable  discovery  at  once  of  thcthecmn- 
compound  nature,  and  of  the  component  parts  of  water.  p<wnd  »»-  . 
Two  years  afterwards,  the  discovery  was  amplv  confirmed  ^^ 
by  Lavoisier  and  La  Place,  who  repeated  the  experiments 
of  Cavendish  upon  a  very  large  scale;  and  since  that  time,  ' 
the  chemical  nature  of  water  has  been  indicated  by  so  many 
experiments,  conducted  as  well  by  the  analytic  method  as 
synthetically,  as  to  put  the  truth  of  the  discovery  beyond 
the  reach  of  controversy. 
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BOOK  II. 

VEGETABLE  CHEMISTRY. 

pAmTll.  Vegetable  Chemistry  will  be  considered  in  two  chap- 
^^^  '^'  ters.  The  first  chapter  will  describe  the  peculiar  compound 
Vegetmble  substances  of  which  vegetables  are  formed,  under  the  name 
tmtof?  of  the  proximate  constituents  of  vegetables.  The  second 
under  the  chapter  will  give  a  view  of  all  the  undecompounded  sub- 
two  hMdi  stances  yet  discovered  in  plants;  and  these  will  be  called  the 
miSroon-    ultimate  constituents  of  vegetables. 

■tituents, 

and  uiti-  ^^^^^— 

mateeon- 

atitaenta. 

CHAPTER  I. 

OF  THE  FBOXIMATB  CONSTITUENTS  OP  YBGBTABLBS. 

Prajcimate  Thr  proximate  constituents  of  vegetables  will  be  divided 
eonttitQ-  jjj^Q  gyg  different  sets  or  groups,  in  conformity  with  the  ar- 
setabies,  rangement  of  Dr.  Thomson,  which  is  adopted  in  the  present 
divided  into  chapter  with  but  slight  modifications.  These  sets  are  charac- 
^^"^  ■''"•     terized  as  follows: 

First  set. — Substances  soluble  in  cold  water.  These  are 

1  Adds.  6.  Maetu.  10.  Bitter  Prineiplet. 

^  S.  Tannin.  7.  Jelijr.  U.  Nieotin. 

S.  Sagar.  8.  Ulmin.  13.  RxtraetiTe. 

4.  SareoooU.  9.  Coloaring  Prin-  13.  Emetia. 

5.  Gum.  ciples. 

Second  SET.^-Substances  insoluble  in  cold  water,  but  par- 
tially soluble  in  hot.  These  are 

1.  Morphia.  5.  Inolin.  8.  Glaten. 

2.  Strychnin.  6.  Staroh.  9  Polleiiin* 
«>^                                  S.  Aspangin.          7.  Indigo.                     10.  Fibrin. 

4  Cerasin. 

Third  set.— Substances  which  melt  when  heated,  if  not 
already  liquid,  and  burn  like  oils.  These  are 

1.  Oilt.  4.  Birdlime.  7.  Balnini. 

8.  Wax.  5.  Reains.  8.  Gam-reaini. 

^-^  S.  Camphor.  6.  Guaiaenm.  9.  Canatohoue. 

Fourth  set.-— ^Substances  which  are  insoluble  in  water, 
alcohol,  or  ether,  and  which  have  a  fibrous  or  woody  texture. 
These  are 

^^  1.  Cotton.  S.  Medulfin.  S.  Fangin. 

2.  Sober.  4.  Lignin. 

Fifth  8ET.~-Substances  which  belong  rather  to  the  mine- 
ral than  the  vegetable  kingdom,  and  are  found  as  ingredients 
of  plants.  These  are  either 

<-  1.  Chlorides.  8.  Aeids.  3.  BaBSableBatet. 
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Chav.I. 

FIRST  SET. 
SUBSTAJ^CES  SOLUBLE  1J>C  COLD  WATEB. 

SECTION  I. 

OF  VEGETABLE  ACIDS. 

1.  Thk  following  acids  have  been  found  in  plants.  Aeidi 

1.  AoetM  aekl.  6.  Boli  tie  teid.  10.  Hydroeyanio  aeicL  found  in 

9.  Oulieaeid.  7.  Malio  tcid.  It.  Hrdrioiiie  atid.  pl«DU  ena- 

3.  Tartaric  add.  8.  Sorbie  aekl.  IS.  Kinie  aeid.  merated. 

i.  Citric  aeid.  9.  Benzoic  aeid.  IS.  Gallic  acid. 
5.  BAoitnyiie  add. 

2.  The  acetic  acid  has  been  found  in  the  sambucus  nigra 
(common  elder),  and  several  other  plants.  The  oxalic  acid, 
combined  with  potash,  is  found  in  the  oxalis  acetosella  or 
wood-sorrel,  and  several  other  plants;  combined  with  lime, 
it  exists  in  the  root  of  rhubarb,  and  in  a  variety  of  vegeta* 
ble  roou  and  barks.  Tartaric  acid  has  been  found  in  a 
number  of  vegetable  substances,  but  most  abundantly  in  tho 
juice  of  grapes.  Citric  acid  exists  most  abundantly  in  the 
juice  of  oranges  and  lemons:  it  is  also  found  in  the  juice  of 
the  cranberry  and  red  whortleberry.  Moroxylic  acid  has 
hitherto  been  found  only  in  the  bark  of  the  morus  alba,  or 
white  mulberry.  The  boletus  pseudo-igniarius  is  the  only 
plant  in  which  the  boletic  acid  has  hitherto  been  found. 

3.  Malic  acid  has  been  found  very  abimdantly  in  apples.  Pianu 

It  has  also  been  detected  in  the  fruit  of  the  barberry  and  of  T^*^^^ 
the  elder,  and  in  the  plum  and  the  sloe.  It  has  been  found,  Mid. 
associated  with  citric  acid  in  nearly  equal  quantity,  in  the 
gooseberry,  in  currants,  in  the  cherry,  the  strawberry  and 
the  raspberry.  It  has  been  detected  in  a  number  of  other 
plants  combined  either  with  lime  or  potash. 

4.  Sorbie  acid  was  discovered  in  the  juice  of  the  pyrus 
aucuparia  or  mountain  ash,  together  with  the  malic  acid. 
It  is  found,  associated  with  the  same  acid,  in  apples,  plums, 
barberries  and  sloes. 

5.  Benzoic  acid  has  been  found  in  a  few  vegetable  sub- 
stances only,  such  as  benzoin,  balsam  of  Tolu,  storax,  &c. 

6.  From  the  time  that  the  hydrocyanic  (prussic)  acid  was  Uydrooya- 
obtained  in  a  separate  sute,  its  similarity  in  smell  to  bitter  f^^m 
almonds  and  peach  blossoms  did  not  fail  to  be  observed.  It  bitter  ai- 
has  been  ascertained,  that  the  water  distilled  from  these  JJ?^'  ***** 
almonds  contains  hydrocyanic  acid,  and  is  capable,  when  other  vege- 
mixed  with  potash,  of  precipiUting  Prussian  blue  from  so-  ^^e  sob- 
lutions  of  iron.  The  distilled  water  of  the  leaves  of  the  prunus     ^^^ 
lauro-cerasus  (cherry  tree  laurel)  contains  this  acid,  and 


478  VEGETABLE  PROXIMATE  CONSTITUENTS. 

Past  IL  owes  its  narcotic  and  deleterious  properties  to  its  presence. 
^BooK  II.   j^  1^^  j^j^Q  Ij^^q  found  in  the  flowers  of  the  sloe,  and  in  the 

leaves  of  the  bay-leaved  willow.  There  can  be  very  little 
doubt  that  it  exists  in  all  the  bitter  kernels. 
Hydriodie  7*  After  hydrocyanic  aoid  is  the  best  place  to  mention 
in  foci****  hydriodic  acid,  in  the  enumeration  of  the  acids  of  vege- 
table origin.  Iodine  having  been  discovered  in  kelp,  the 
product  of  the  incineration  of  marine  vegetables,  chemists 
were  led  to  examine  the  marine  vegetables  themselves.  Ac- 
cordingly some  of  the  fuci  were  subjected  to  analysis,  dur- 
ing the  years  1814  and  1815,  by  H.  Davy,  Gaultier  de 
Claubry,  and  John.  Davy  discovered  traces  of  iodine  in 
them;  but  Gaultier  de  Claubry  has  subjected  several  of 
them  to  an  elaborate  analysis,  by  which  it  appears,  that  io- 
dine exists  in  them  in  the  state  of  hydriodic  acid,  combined 
with  potash. 

8.  Kinic  acid  has  heretofore  been  found  in  the  cinchona 
officinalis  or  peruvian  bark  only,  combined  with  lime. 

9.  Gallic  acid  exists  in  a  great  number  of  plants,  chiefly 
in  their  barks.  As  far  as  observation  has  yet  extended,  it 
occurs  most  abundantly  in  different  species  of  oak  and  in 
sumach. 


SECTION   II. 

OF  TANNIN. 

Taimiii  ex-     I.Tannin  is  a  peculiar  vegetable  substance,  which  exists 
btoiDBut-  y^jy  abundantly  in  nut-galls.  The  soluble  portion  of  these 
vegetable  productions,  which  amounts  to  somewhat  less  than 
two-fifths  of  their  weight,  is  found  to  consist  of  two-thirds 
tannin,  and  the  remaining  third,  of  gallic  acid,  mucilage, 
extractive  and  lime.  Many  methods  have  been  proposed  to 
obtain  the  tannin  perfecdy  pure  from  the  solution,  but  none 
of  them  appear  to  answer  the  purpose  completely*  It  may 
be  obtained  tolerably  pure  by  mixing  lime  water  with  the 
solution,  and  treating  the  precipitate  thus  formed  with  di- 
luted nitric  acid.  Upon  filtration  a  substance  is  left  behind, 
which  is  tannin,  contaminated  however  with  a  portion  of 
extractive. 
AoeooDt  of      2.  Dr.  Lewis,  while  pursuing  some  experiments  instituted 
iudiaooTe-  ^^  ascertain  the  best  method  of  making  ink,  observed  some 
^'  of  the  properties  of  tannin,  without  being  able  to  obtain  it 

in  a  separate  state.  Deyeux  was,  perhaps,  the  first  chemist, 
who  made  out  the  peculiar  nature  of  tannin.  Seguin  ascer- 
tained, that  it  was  the  substance  which  combined  with 
leather  in  the  process  of  tanning.  Hence  it  was  called  tan- 
nin or  the  tanning  principle  by  the  French  chemists* 
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3.  Tatmin,  in  the  purest  state  in  which  it  can  be  obtained,    Crap.  I. 
is  a  brittle  substance,  poss<:s8ing  a  brown  colour,  and  break-  Properties, 
ing  with  a  resinous  iracture.    Its  taste  is  bitter  and  very 
astringent*  It  dissolves  readily  in  both  hot  and  cold  water, 

and  forms  a  solution,  which  does  not  undergo  spontaneous 
decomposition.  It  is  insoluble  in  pure  alcohol;  but  alcohol, 
containing  *^th  of  its  weight  of  water,  is  capable  of  cflFect-  . 
ing  its  solution.  Nitric  acid  communicates  oxygen  to  it,  and 
converts  it  into  a  yellowish- brown  matter,  similar  in  pro- 
perties to  extractive.  With  the  metals,  it  does  not  appear  to 
combine;  but  with  most  of  their  oxides,  it  forms  insoluble 
compounds.  This  latter  property  makes  the  infusion  of  nut- 
galls  very  useful  in  precipitating  metallic  solutions. 

4.  One  of  the  most  important  properties  of  tannin  is  that  Forms  ta 
of  forming  an   insoluble   compound  with   gelatin   (glue).  J^IJjJpoil^ 
Hence  these  two  substances  are  reciprocally  the  tests  of  each  with  geU- 
other.  It  combines  with  all  the  alkaline,  and  nearly  all  the  ^°* 
earthy  bases,  and  is  thereby  deprived  of  its  property  of  pre- 
cipitating gelatin.  It  combines  also  with  most  of  the  acids, 
forming  with  them  compounds  more  or  less  soluble.  Nttvic 

and  sulphuric  acids,  however,  decompose  it  by  their  action. 

5.  According  to  Berzelius,  tannin  is  composed  of 

Hydrogen  4*  186 

Carbon  51-160 

Oxygen  44*654 

100  000 

6.  A  substance,  very  similar  to  the  tannin  found  ready  Artiicial 
formed  in  certain  vegetables,  may  be  obtained  by  the  section  JJPJ*^  J** 
of   diluted  nitric  acid  on  charcoal.    It  is   called  artificial  the  action 
tannin.  Science  is  indebted  for  this  discovery  to  Hatchett.  ^,^^^ 
It  is  formed  by  mixing  together  100  grains  of  charcoal,  eharsoal. 
and  500  grains  of  nitric  acid  of  the  specific  gravity  of  1*40, 
diluted  with  twice  its  weight  of  water.  The  mixture  is  then 
exposed  to  heat,  which  produces  an  effervescence,  occa-      « 
sioned  by  the  escape  of  deutoxide  of  azote  (nitrous  gas). 
After  two  days  digestion,  more  nitric  acid  is  added,  and 

the  heat  continued,  until  the  solution  is  complete.  The  so- 
lution is  then  evaporated  to  dryness,  whereby  a  brown- 
coloured  mass  is  obtained,  which  is  artificial  tannin. 

7.  Artificial  tannin  agrees  very  nearly  in  properties  with  Propertiet 
natural  tannin.  It  differs,  however,  from  the  latter,  in  being  jj**?^*^** 
soluble  without  alteration  in  nitric  acid.  In  composition,  it 
differs  also  by  containing  azote  in  addition  to  the  ingredii* 

ents  of  natural  tannin. 

8.  Hatchett  has  found,  that  every  species  of  charcoal  is 
susceptible  of  conversion  into  artificial  tannin  by  the  action 
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Past  n.  of  nitrk  acid.  He  has  ascertained,  that  it  may  be  formed 
^^^  ^^-  alan  by  digesting  nitric  acid  upon  several  substances,  whidi 


contain  a  large  proportion  of  carbon;  as  for  instance,  indtgo 
and  several  of  the  mins.  When  formed  from  these  sab* 
stances,  however,  the  tannin  is  somewhat  diffenrnt  from  that 
formed  from  charcoaL  The  same  chemist  has  found,  that 
sulphuric  acid,  digested  upon  the  resins  or  camphor,  con- 
verts these  bodies  into  a  substance  analogous  to  tannin. 
Tflnnio  ex-     9«  Tannin  exists  ready  formed  in  many  vegetable  sub- 
^|^^^]^j^    stances  besides  nut-galls,  but  appears  to  have  some  variety 
mmnj         in  its  properties,  according  to  the  vegetable  from  which  it 
plaau.        I,  obtained.    It  is  considered,  that  the  oak  furnishes  the 
/  same  variety  of  tannin,  which  is  obtained  from  nut-galls. 
More  than  half  the  weight  of  catechu,  or  the  Japan  earth  as 
it  is  improperly  called,  is  composed  of  a  variety  of  tannin. 
Another  varie^  of  this  substance  constitutes  a  very  large 
proportion  of  the  kino  of  the  shops.  In  fact,  tannin  may  be 
considered  the  peculiar  principle,  which  gives  astringency  to 
vegetable  substances*   It  is  to  the  property  of  tannin  of 
forming  an  insoluble  compound  with  gelatin,  that  its  use- 
fulness in  the  art  of  tanning  is  to  be  attributed;  since  the 
hide  is  converted  into  leather  by  its  gelatin  uniting  to  die 
tanning  principle. 


SECTION  III. 

OP  SUGAR. 

Siuarit         1.  SuGAR  is  a  peculiar  vegetable  substance,  chiefly  ob- 
tU^fram  ^^^^^  from  the  sugar  cane,  by  inspissating  its  expressed 
the  ragu*   juice  by  boiling.  By  this  first  preparation,  it  forms  a  brown 
^D«'         granular  substance,  constituting  an  impure  sugar.   It  is  pu- 
rified by  being  dissolved  in  water,  mixture  with  lime,  and 
treatment  with  bullock's  blood.    It  is  then  boiled  to  a 
proper  consistence,  and  cleared  of  its  impurities,  as  they 
rise  to  the  top,  by  scumming*    It  is  afterwards  poured  into 
unglased  conical  earthen  pots,  whose  apices  are  perforated 
to  allow  impurities  to  separate.  The  base  of  the  cone  is 
covered  with  moist  clay,  which  allows  a  small  portion  of 
water  gradually  to  filter  through  the  sugar,  with  the  eflect 
of  removing  some  further  impurities.  It  is  now  in  the  state 
of  loaf  sugar. 
Jts  proper-     2.  Sugar,  in  the  pure  state,  is  a  white,  britde  substance  of 
some  hardness,  having  a  very  strong  sweet  taste,  but  no 
smell.  It  is  not  altered  by  exposure  to  air.    Water,  at  the 
temperature  of  48^,  dissolves  its  own  weight  of  it,  and 
boiling  water,  any  quantity.  In  the  form  of  a  saturated  so- 
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lution,  it  is  called  syrup*  It  is  also  soluble  in  alcohol,  but  Ciy.  I, 
less  so  than  in  water.  Its  specific  gravity  is  between  1*4 
and  1*6* 

S»  Sugar  appears  to  be  capable  of  combining  with  both 
acids  and  salifiable  bases.  Sulphuric  and  hydrochloric  acids 
convert  the  greater  part  of  it  into  charcoal.  Nitric  acid 
changes  it  into  oxalic  and  malic  acids* 

4.  When  exposed  to  heat,  sugar  melts,  becomes  blackish- 
brown,  emits  air- bubbles  and  exhales  a  peculiar  smell.  At 
a  red  heat,  it  bursts  into  flames,  which  are  white  with  blue 
edges. 

5.  By  being  burnt  with  chlorate  of  potash,  sugar  was  Compoyi- 
found  by  Gay-Lussac  and  ThenarJ  to  be  composed  of         ^^' 

Oxygen  50-63  "^ 

Carbon  42*4r 

Hydrogen  6*90 

100-00 

6.  Besides  the  common  sugar  which  is  obtained   from  Sonr  if  ^ 
the  sugar-cane,  and  the  sugar  extracted  from  th«  sap  of  2^^"** 
the  sugar-maple  and  from  the  beet,  which  does  not  appear 

to  differ  from  common  sugar,  there  are  several  other  spe- 
cies of  sugar,  each  having  distinctive  properties. 

r.  There  is  a  sugar,  which  differs  from  common  sugar  in  Liquid  ta- 
being  always  in  the  liquid  form.   It  exists  in  the  sugar  ^J[^^^'J|||{ 
cane,  and  forms  a  considerable  part  of  molasses.  It  exists  vegetiible 
also  in  a  number  of  fruits,  such  as  grapes,  peaches,  apples,  "u^*^!^- 
&c.  and  has  been  extracted  fcom  the  stalks  of  Indian  com. 
Besides  this  sugar,  the  sugar  of  figs,  of  grapes,  and  that 
vhich  exudes  from  the  fraxinus  ornus,  a  species  of  ash, 
are   all  peculiar  sugars.  The  latter,  under  the  name  of 
manna,  constitutes  a  Valuable  laxative;  and  differs  from 
common  sugar,  in  being  much  more  abundantly  soluble  in 
alcohol,  in  yielding  saclactic  as  well  as  oxalic  acid  by  the 
action  of  nitric  acid,  and  in  not  being  fermentable. 

8.  Starch  may  be  converted  into  sugar,  possessing  the  sureb  mi^ 
same  properties  as  the  sugar  of  grapes,  by  mixture  with^?^*^'^ 
four  times  its  weight  of  water,  and  i^th  part  of  its  weight  gar. 

of  sulphuric  acid,  and  exposure  to  a  boiling  heat  for  36  hours, 
supplying  water  as  fast  as  it  evaporates.  The  acid  is  then 
saturated  with  lime,  and  the  insoluble  sulphate  of  lime, 
which  becomes  formed,  separated.  The  remuning  liquid, 
after  concentration  by  heat,  is  found  to  contain  a  peculiar  sui> 
gar.  The  manner,  in  which  the  conversion  is  effected^  by  this 
treatment,  is  not  understood. 

9.  Sugar  is  undoubtedly  one  of  the  most  n  itritious  sub- 
stances known.  It  constitutes  a  very  important  part  of  the 

3P 
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Part  If.  plants.  It  may  be  obtained,  in  its  purest  form,  from  flax- 
^^^  "•  seed.  It  may  be  extracted  ako,  with  some  differences  in 
properties,  from  quince  seeds  and  from  the  root  of  the 
hyacinth.  It  exists  in  con8?derable  quantities  in  mallows,  in 
the  leaves  of  the  althaea,  in  many  of  the  fuci,  but  in  a  still 
greater  number  of  the  lichens. 

2.  Mucus  is  distinguished  from  gum,  in  being  preci- 
pitated copiously  from  its  solution  in  water  by  acetate  of 
lead;  in  being  thrown  down  by  alcohol  in  white  flakes, 
which  do  not  render  the  liquid  opaque,  as  happens  under 
similar  circumstances  with  gum;  and  in  remaining  unalter- 
ed upon  the  addition  of  silicated  potash. 


SECTION  VII. 

OF  JBLLY. 

Jelly  my       1.  Jelly  appears  to  be  a  peculiar  vegetable  substance.  It 

be  obtained  m^y  g^  obtained  from  ripe  blackberries,  currants, -oranges, 

nifniica.*  lemons,  gooseberries,  and  similar  fruits,  by  aUo wing  their 

expressed  juice  to  gelatinize,  and  afterwards  to  drain  upon 

a  fine  sieve.    In  this  way  the  acid  parts  separate  and  pass 

through  the  sieve,  while  the  jelly  in  a  tolerably  pure  state 

remains  behind.  It  is  then  washed  with  a  little  cold  water, 

to  separate  any  adhering  acid. 

Its  inroper*     2.  Jelly,  upon  drying,  contracts  considerably  in  bulk,  and 

tMs.  becomes  a  hard  transparent  brittle  mass,  very  analogous  in 

appearance  to  gum.  Before  drying,  it  is  nearly  colourless,  if 

deprived  of  the  colouring  matter  of  the  fruit,  from  which  it  is 

obtained.  It  has  a  pleasant  taste  and  a  tremulous  consistency. 

It  is  scarcely  soluble  in  cold  water,  but  dissolves  readily  in 

hot  water,  from  which  it  gelatinizes  upon  cooling. 


SECTION  VIII. 

OF  ULMIN. 

Uimin,  an  1.  Ulm IN  is  a  peculiar  substance,  discovered  in  1804  by 
from'the  Klaproih,  combined  with  carbonate  of  potash,  in  a  sjK>nta- 
elm.  neous  exudation  from  the  elm.  It  has  since  been  found,  that 

it  forms  a  constituent  in  the  bark  of  almost  all  trees.  It  has 
a  dark  brown  colour,  and  is  destitute  of  taste  or  smell.  It  is 
but  sparingly  soluble  in  water  or  alcohol,  but  readily  so  in  a 
weak  solution  of  carbonate  of  potash.  It  is  obtained  from 
the  barks,  which  furnish  it,  by  digestion  in  a  hot  solution  of 
this  salt,  after  having  been  digested  first  in  alcohol  and  then 


JELLT— UUflM-ODLOIIBING  ANB  BITTRR  PRINCIPLES.  435 

^    m  water*   Its  tqoeous  solution  is  precipitated  in  brown   Cha>.  V 
flocks  by  pemitratc  of  mercury  and  acetate  of  lead;  and  the  ""**~~*^ 
alcoholic  solution,  by  the  sulphates  of  iron  and  of  copper  of 
the  same  colour. 


SECTION  IX. 

OF  COLOXmiNG  PRINCIPLES. 

,Two  substances  will  be  noticed  under  this  head;  namely, 
polychrolte  and  hcmatin. 

!•  PoLTCHROiTS  is   the  name  given  by  Bouillon  La- Cf^kmrior 
grange,  and  Vogcl  to  the  colourbg  matter  of  the  crocus  sati-  **™^!! 
Tus  or  saiTron,  on  account  of  the  variety  of  colours  which  it  ebrone,die 
is  capable  of  assuminir.    It  is  obuincd  by  evaporating  the  ^^n?i^^ 

.#..  ri_         1  ^i_  '^r  t_  principle  of 

aqueous  infusion  of  the  plant  to  the  consistence  of  honey;  ^n^.  ^a 
and  in  that  state,  digesting  it  in  alcohol,  filtering  the  alco* 
holic  solution,  and  evaporating  to  dryness*  The  dry  mass  is 
pure  polychroite.  It  has  an  intensely  yellow  colour.  It  is 
very  soluble  both  in  alcohol  and  water,  but  scarcely  so  in  ' 
sulphuric  ether.  When  exposed  to  the' air,  it  absorbs  mois- 
ture and  is  converted  into  a  viscid  liquid. 

II.  Hematin  is. the  name  given  by  Chevreul  to  the  sub-  hematin^ 
stance,  first  recognised  by  him  to  be  of  a  peculiar  nature,  |^^  ^|^^ 
which  constitutes  the  colouring  matter  of  the  hsBmatozylon  pif  Sftaf-* 
campechianum,  or  logwood,  so  well  known  as  a  dye  stuff*  ^^ed- 
It  is  obtained  in  the  following  manner:  Digest  logwood  in 
powder  for  several  hours  in  water,  at  the  temperature  of 
125^.   Filter  the  solution    thus  obuined,  and  evaporate 
to  dr}*ness.  Digest  the  dry  mass  for  a  day  in  alcohol,  filter 
the  alcoholic  solution  formed,  concentrate  it  by  heat,  and 
then  ^dd  a  little  water,  and  afterwards  evaporate  a  little 
further.  Crystals  will  form  in  ^e  liquid  of  hematin,  which, 
after  being  washed  with  alcohol  and  dried,  may  be  consi- 
dered as  pure.    They  are  small  and  brilliant,  possessing  a 
reddish-white  colour,  and  a  slightly  astringent,  bitter,  acrid 
taste.  Boiling  water  dissolves  them  with  facility,  and  be- 
comes of  an  orange-red  colour. 


SECTION  X. 

OF  BITTER  PRINCIPLES. 

Many  vegetables  of  a  bitter  taste  yield,  by  peculiar  treat-  Bitter  pna; 
ment,  a  substance,  to  which  their  bitter  qualities  are  owing,  f"!^'^  ^^ 
and  hence  called  their  bitter  principle.  The  bitter  principle,  ^r  pkuti. 
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PabtIL  however,  differs  according  to  the  plants  iroiia  whtch  it  is  ob- 
BooK  >I'  taincd.  The  foUowing  arc  its  principal  varieties. 
Quatnn,         L  QuASBiN.— This  is  the  name  given  to  the  substaooe, 
*'rind"ieof^^^**°'^^  by  evaporating  watcr  to  dryness,  which  has  been 
qiuMtia.       digested  upon  the  wood  called  quassia.  It  is  a  brownish-yel- 
low substance  of  an  intensely  bitter  taste.  It  is  very  soluble 
in  water  and  alcohoL  When  heated,  it  softens,  swells  and 
blackens,  and  then  burns  away  without  much  flame,  leaving 
a  small  quantity  of  ashes. 

Vauquehn  has  ascertained,  that  the  fruit  of  the  coloC3^th 
(cucumis  colocynthis)  and  the  root  of  briony  (brionia  alba), 
two  vegetable  substances  possessing  narcotic  properties,  con* 
tain  a  bitter  principle,  which,  as  far  as  observation  has  gone, 
possesses  exactly  the  same  properties  as  the  bitter  principle 
of  quassia. 
Picrotoxin,      II*  PiCROTOXiN.*— -Boullay  desigttHtes  by  this  name  a 
•buined     peculiar  substance,  which  he  obtained  from  the  cocculus  in- 
coeoaiosin-dicus,  the  fruit  of  the  menupermnm  coccuhiS^  and  which 
dieut.         possesses  a  bitter  taste,  and  intoxicating  and  poisoning  quali- 
ties. It  is  separated  from  the  berries  by  treating  them  alter- 
nately with  water  and  alcohol.  It  is  in  the  fDrm  of  cr}*stals 
of  a  white  colour.  It  possesses  the  property  of  neutralizing 
acids,  and  constitutes  one  of  the  newly  discovered  salifiable 
bases  of  vegetable  origin. 
Sttiiitin^tlie     HI.  SciLLiTiN.-—  I  his  IS  the  name  given  by  Vogel  to  a 
diirof"""  P*^culiar  su!>8tance,  which  may  be  extracted  from  the  bulb  of 
«)uiiL        the  scilla  maritima,  or  squill.    It.  comes  properly  under  the 
denomination  of  a  bitter  principle.  It  is  a  white  and  trans- 
parent substance,  which  breaks  with  a  resinous  fracture.  By 
exposure  to  air,  it  becomes  a  viscid  mass.  Its  taste  is  intensely 
bitter,  leaving  some  impression  of  sweetness  on  the  tongue. 
It  forms  with  water  a  mucilaginous  solution.  It  is  soluble 
in  alcohol. 
Cftffeiii^  the      IV.  Caffein.— -This  substance  may  be  obtained  from 
dpie'ofolS'-  ""^^™^  coffee  by  the  following  process.  Treat  the  liquid, 
fee.  formed  by  digesting  the  grains  in  water,  being  first  filtered, 

with  hydrochlorate  of  tin.  Wash  the  precipitate  which  will 
thereby  be  formed,  and,  having  mixed  it  with  water,  pass  a 
current  of  hydrosulphuric  acid  (sulphuretted  hydrogen) 
through  it.  The  tin  will  thereby  be  precipitated,  and  the  re- 
maining liquid  will  be  found  to  hold  in  solution  the  peculiar 
substance  caffein.  This  substance  is  semi  transparent  like 
.  horn,  and  has  a  yellow  colour.  It  is  soluble  both  in  water 
and  alcohol.    Its  solution  in  water  is  semitransparent,  and 


*  From  friKpof,  bitter,  and  lo^ixwf,  poison. 
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has  a  pleasant  bitter  taste.  When  it  is  treated  with  solutions  Chap.  f. 
of  potash  or  boda,  its  colour  is  changed  to  garnet- red.  Solu- 
tiona  of  iron  change  it  to  a  Cine  green.    This  is  the  most 
characteristic  property  of  caiTein. 

Dr.  Thomson  has  reason  to  believe,  that  the  bitter  prin- 
ciple of  the  following  plants  is  the  same  with  that  of  coffee; 
namely,  absynthium  vulgare  (worm-wood),  junipcrus  sabi-  , 

nus  (savine),  ruta  graveolens  (rue),  anthemis  nobilis  (cha- 
momile)^ achillea  millefolium  (milfoil.) 

V.  DAPHNiN.-^This  is  the  bitter  principle  of  the  daphne  Daphnin. 
alpina.    It  is  a  hard  crystallizable  substance,  of  a  greyish 
colour  and  bitter  taste. 

VI.  Artificial  bitter  principle.— The  substance,  a rttSeiai 
to  which  this  name  is  applied,  is  formed  by  the  action  ofelpie'^JH!!"' 
nitric  acid  upon  various  vegetable  and  animal  substances,  uined  from 
It  was  originally  obtained  from  silk  by  the  action  of  nitric  "'^  •"** 
acid.  It  has  also  been  formed,  by  the  action  of  the  same  acid,  Bunoee  bj- 
from  the  white  willow  and  indigo.  It  is  a  crystallizable  sub-  ^  .<MstioQ 
stance,  of  a  deep  yellow  colour  and  intensely  bitter  taste.  It  ^^J^ 

is  capable  of  dyeing  silk,  woollen  cloth,  and  cotton  of  a  dura* 
ble  yellow  colour.  It  has  the  property  of  an  acid,  in  so  far 
as  to  form  compounds  analogous  to  salts  by  combining  with 
the  salifiable  bases. 


SECTION  XI. 

OF  NICOTIN. 

1.  This  substance  was  discovered  by  Vauquelin  as  the  Nicotln, 
principle  to  which  tobacco  owes  its  peculiar  properties*  It  ^^^.  *:^*'*«* 
is  obtained  by  dissolving  the  inspissated  juice  of  tobacco  in  principle  of 
alcohol,  which  takes  up  the  nicotin  as  well  as  uncombined  ^^®^' 
malic  and  acetic  acids*  The  alcoholic  solution  is  evaporated 
to  dryness,  and  the  dry  mass  dissolved  in  water.  The  un- 
combined  acids  are  then  saturated  with  potash,  and  the  wa« 
ter  distilled  off  to  dryness*  This  water,  although  colour- 
less, is  a  solution  of  nicotin.  From  this  solution,  the  nicotin 
nay  be  obtained  by  cautiously  driving  off  the  water  by  eva- 
poration* Nicotin  is  a  colourless  substance,  having  the  pe- 
culiar smell  and  taste  of  tobacco*  It  possesses  poisonous 
properties*  It  produces  violent  sneezing.  Its  solution  either 
in  alcohol  or  water  has  the  same  taste  and  smell.  It  is  vo- 
latile, and  has  some  analogy  to  the  volatile  oils* 
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OF  EXTBACTIVE. 

Theierm       !•  The  term   extract  or  extractive  haB  been  used  in 
^a^^l^  many  different  senses.  In  its  original  acceptation^it  meant 
fer^^    *  those  parts  of  plants^  which  are  solaUe  in  water,  and  may 
•BDfei.       be  obtained  from  this  liquid  by  evaporation.  In  the  present 
section,  the  term  extractive  is  applied  to  a  peculiar  vegeta* 
'   ble  substance,  which  may  be  obtained  from  a  great  number 
of  plants,  and  which  possesses  the  following  general  proper- 
ties. It  is  soluble  in  water,  with  which  it  forms  a  solution 
always  coloured.  Absolute  alcohol  or  ether  does  not  dis- 
solve it,  but  it  is  soluble  in  common  alcohoL  Its  taste  is 
always  strong,  but    different   as  obtained  from  different 
plants.  By  repeated  solutions  and  evaporations,  it  becomes 
deeper  coloured,  and  at  last  insoluble.  Its  solution,  when 
exposed  to  the  air,  is  liable  to  putrefaction.  When  mixed 
with  sulphate  or  hydrochlorate  of  alumina,  a  precipitate 
falls,  consisting  of  alumina  and  extractive  combined.  It  is 
precipitated  from  its  solutions  by  hydrochloric  or  sulphuric 
acid.  It  unites  with  the  alkaline  bases,  as  well  as  with  most 
of  the  salifiable  bases  of  the  third  class,  usually  called  me- 
tallic oxides,  forming  insoluble  compounds. 
Bxtnetiv«,      2.  Extractive  is  different  in  its  properties,  according  to 
^^«^»J  •■  the  vegetable  substance  from  which  it  may  be  obtained.  It 
from  diffe-  exists  in  the  sap  of  almost  all  the  trees  which  have  been 
rentfttge-  examined.  It  is  thrown  down  from  this  vegetable  liquid 
**^*'        by  means  of  chlorine,  or  by  evaporation  at  a  sand  heat.  It 
is  a  Constituent  also  in  all  barks,  as  far  as  they  have  been 
the  subject  of  experiment.  It  almost  always  accompanies 
tannin. 

3.  Extractive  is  present  in  catechu.  It  may  be  obtained 
from  this  astringent  substance  by  repeated  washings,  until 
the  water  which  comes  off  gives  no  indication  of  the  pre- 
sence of  tannin  upon  the  addition  of  gelatin.  What  remains 
will  consist  of  extractive.    . 

4.  Senna  dissolves  in  twice  its  weight  of  cold  water,  and 
forms  an  infusion,  which  contains,  besides  a  considerable  pro- 
portion of  carbonate  of  lime,  sulphate  of  potash,  carbonate 
of  magnesia  and  a  little  silica,  a  certain  quantity  of  extrac- 
tivev  This  may  be  made  evident  by  means  of  hydrochl9ric 
acid  or  chlorine,  either  of  which  throws  down  the  extractive 
somewhat  altered  in  its  properties.  The  extractive  of  sen- 
na, when  placed  upon  burning  coals,  emits  a  thick  smoke  and 
exhales  an  aromatic  smell,  the  residuum  being  a  spongy 
charcoal. 
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5.  Peruvian  bark  was  found  by  Fourcroy  to  contain  a  chaf,  l  . 
peculiar  extractive.  It  is  separated,  by  treating  the  watery  ^^ 
extract  of  the  bark  with  alcoh<4«  The  alcoholic  solution 
thus  obtained,  by  evaporation,  affords  the  extractive.  When 
dry,  it  is  a  black  and  brittle  substance,  which  breaks  with 
a  polished  fracture.  Its  taste  is  bitter.  It  is  insoluble  in 
cold  water,  but  dissolves  in  hot  water  and  in  alcohol. 


SECTION  XIII. 

OF  EMETIN. 

1.  Emetin  is  the  name  given  to  the  peculiar  substance,  Emetin^ 
discovered  in  ipecacuanha  by  Majendie  and  PcUetier,  to  ^*  j^J^^!?" 
which  this  vegeuble  owes  its  emetic  property.  ^e  d'lpe- 

2«  It  is  obtained  in  the  following  manner.  An  alcoholic  «*««Mn^ 
solution  of  ipecacuanha  which  had  previously  been  digested 
in  sulphuric  ether,  is  evaporated  to  dryness;  and  the  dry 
maas  obtained,  dissolved  in  water,  and  treated  with  a  solu- 
tion of  acetate  of  lead.  A  precipitate  is  thereby  formed, 
composed  of  emetin  and  oxide  of  lead.  This  precipitate,  be- 
ing washed  and  diffused  in  water,  is  subjected  to  the  action 
of  hydrosulphuric  acid  gas  (sulphuretted  hydrogen).  This 
acid  gas  throws  down  the  lead,  and  the  disengaged  emetin 
dissolves  in  the  water.  It  is  afterwards  obtained  from  its 
aqueous  solution  by  evaporation  to  dr3aie8s. 

3.  Emetin  is  a  brownish-red  uncrystallizable  substance,  lu  propcr- 
in  the  form  of  transparent  scales,  destitute  of  smell,  and  ^^ 
having  a  taste,  bitter  and  somewhat  acrid,  but  not  in  the 

least  nauseous.  It  is  soluble  both  in  water  and  in  alcohol.  It 
is  not  affected  by  any  heat  below  the  boiling  point;  and 
above  that  temperature,  it  does  not  melt,  but  swells,  black- 
ens, and  is  decomposed  into  water,  carbonic  acid,  a  little 
oil,  and  acetic  acid. 

4.  It  is  not  acted  on  by  sulphuric  acid  in  a  diluted  state, 
but  when  concentrated,  it  is  charred  and  destroyed  by  its 
action.  Nitric  acid  forms  with  it  a  red-coloured  solution, 
gradually  becoming  yellow,  and  depositing  crystals  of  oxalic 
acid.  Hydrochloric  and  phosphoric  acids  dissolve  it  with- 
out alteration.  Acetic  acid  is  one  of  its  best  solvents.  Ace- 
tate of  lead  precipitates  it  from  solutions  in  abundance. 

5.  When  given  to  the  amount  of  half  a  grain,  it  proves  its  action 
violently  emetic.  Its  operation  is  followed  by  sleep.  In  do-^P^*''  ^^^^ 
ses  of  twelve  grains,  or  even  much  smaller  ones,  it  proves  ™omy.***' 
fatal.  Upon  dissection  after  death  produced  by  it,  it  was 

found  that  the  lungs  and  intestinal  canal  were  inflamed. 

3Q 


^QQ  V£GETABLB  PROXIMATE  CONSTITUENTS. 

BooftU.  SECOND  SET. 


SUBSTA/irCES  IjrSOLUBLE  IJ^  COLD  WJTER,  BUT  PAM- 

TIALLT  SOLUBLE  ZV  HOT. 

SECTION  I. 

OF  MORPHIA. 

MorpUa,  !•  Sertuiiner  givcs  the  name  of  morphia  to  a  peculiar 
theoarao-  gubstaoce,  which  he  discovered  in  1817  in  opium,  and  to 
pJe^of*^  which  this  vegetable  medicine  owes  its  narcotic  properties, 
am.  Precisely  the  same  substance  has  been  ascertained  by  Vau- 

quelin  to  exist  in  the  opium  from  the  garden  poppy. 

2.  This  substance  exists  in  opium  combined  wi;h  a  pe- 
culiar acid,  which  Sertiirner  calls  meconic*  acid.f  It  is 
extracted  by  the  following  process.  Rub  together  eight 
ounces  of  pulverii^d  opium  with  two  or  three  ounces  of 
strong  acetic  acid  and  a  little  water,  until  the  whole  has 
assumed  the  consistency  of  a  soft  pap.  Pour  upon  the  nux- 
ture,  thus  formed,  two  or  three  pounds  of  water,  and  strain 
the  whole  through  a  cloth.  A  coloured  liquid  passes 
through,  which  contains  acetic  acid  and  meconate  of  mor- 
phia, a  little  morphia  combined  with  extinctive,  and  neu- 
tralized free  extractive.  Upon  the  addition  of  caustic 
ammonia,  morphia,  contaminated  with  extractive,  is  thrown 
down  in  abundance.  To  9eparate  the  extractive,  digest  the 
impure  morphia  in  a  very  small  quantity  of  alcohoL  This  li- 
quid takes  up  the  extractive  and  leaves  the  morphia  behind* 
lu  proper-  ^*  Morphia  is  a  colourless  crystallizable  substance,  spa- 
tiet.  ringly  soluble  in  boiling  water,  but  forming  solutions  rea- 

dily with  alcohol  or  ether  which  have  a  bitter  taste.  It 
combines  with  many  of  the  acids,  forming  neutral  com- 
pounds, and  appears,  in  some  respects^  to  bear  considerable 
analogy  to  the  alkaline  salifiable  bases.  When  exposed  to  a 
gende  heat,  it  melts  and  assumes  somewhat  of  the  appear- 
iiQce  of  melted  sulphur.  It  burps  easily  in  the  open  air;  but 
when  heated  in  close  vessels,  it  is  converted  into  a  solid  re- 
sinous black  mass,  having  a  peculiar  smell.  It  has  not  been 
analyzed,  but  Sertiiraer  considers  it  to  be  a  compound  of 
oxygen,  carbon  and  hydrogen* 
lUMtioa  4.  Morphia  is  found  to  exert  a  powerful  action  upcMi 
on  the  ha-  ^^  anim^d  system.  When  given  in  the  dose  of  half  a  grain, 

*  From  /wnunp,  the  poppy. 

f  Id  a  l«te  nuiDl>er  of  the  Annalet  de.  Chimic  (Nov.  1618),  Vfta^uelin  attri- 
butes the  Hiacoverf  of  inoi*phia  ami  meoonic  aoid  to  Seguin.  He  certainlY  proTea 
that'Seguin  imulated  and  eharaetemed  both  these  substancesy  althoagh  he  (Ticl 
net  appropriate  tx>  them  peoikliar  names. 
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dissoWed  in  spirits,  to  a  young  person,  it  produced  flushing  Csap.i. 
of  the  face,  and  an  increase  of  muscular  power.  The  same 
dose,  repeated  in  half  an  hour,  occasioned  a  dull  pain  in 
the  head,  giddiness,  stupor  and  nausea.  A  third  dose  of 
half  a  grain  being  given,  all  the  effects  of  the  substance  were 
so  much  increased,  as  to  create  alarm  for  the  safety  of  the 
subject  of  the  experiment. 


SECTION  II. 

OF  STRYCHNIN.* 

!•  Pelletier  and  Caventou  have  succeeded  in  obtaining  stryehuiii, 
the  poisonous  principle  of  the  nux  vomica  and  St.  Ignatius's  *^®  ddete- 
bean  in  a  separate  state,  which  proves  to  be  the  same  in^^e^j^ 
both.  The  plants  which  furnish  these  substances  belong  to  "^^  ▼oroi- 
thc  genus  strychnos.  The  wood  of  another  species  of  this  ^"j^hw's 
genus  (s.  colubrina)  has  yielded,  tp   these  chemists,  the  bean. 
same  peculiar  principle.  It  is  in  consideration  of  these  facts, 
that  Pelletier  and  Caventou  have  named  the  peculiar  prin- 
ciple  strychnin. 

2.  Strychnin  is  a  white'  and  granular  substance,  scarcely  lu  proper- 
soluble  in  water.  Notwithstanding  its  sparing  solubility,  it  ^"' 
possesses  a  very  intensely  bitter  taste.  The  impression, 
which  it  leaves  upon  the  mouth,  has  been  compared  to  that 
occasioned  by  the  metallic  salts.  It  is  entirely  destitute  of 
smell.  It  restores  the  colour  of  vegetable  blues,  previously 
reddened  by  acids.  It  suffers  no  alteration  in  the  air.  When 
exposed  to  a  heat  gradually  increased,  it  is  decomposed  at 

a  lower  temperature  than  is  sufficient  to  destroy  the  genera- 
lity of  vegetable  substances,  and  charcoal  is  developed.  The 
products  of  its  decomposition  by  heat  are  an  empyreumatic 
oil,  some  acetic  acid,  carbonic  acid,  bihydroguret  of  carbon 
(carburetted  hydrogen)  and  a  bulky  charcoal.  It  is  conse- 
quendy  composed  of  oxygen,  hydrogen,  and  carbon. 

3.  Strychnin  possesses  the  properties  of  a  salifiable  base, 
inasmuch  as  it  forms  with  acids  neutral  compounds,  which 
are  transparent,  soluble,  and  crystallizable.  A  number  of 
salts  have  already  been  formed  from  it,  and  their  proper-* 
ties  noticed  by  Pelletier  and  Caventou.  It  forms  a  peculiar 
salt  with  nitric  acid,  when  diluted;  but  is  changed  to  a 
red  colour  and  altered  in  its  properties  by  the  action  of  this 

*  It  has  already  been  mentioned,  that  Dr.  Thomion'i  elaMtfieation  of  vegeta- 
ble  proximate  eonstitoeDlt  is  adopted  in  this  vork.  Stryehnin,  however,  was  nqt 
known  when  the  last  edition  of  this  chemist's  work  was  put  to  press;  and  I  have 
plaecd  it  where  it  is  most  probable  Or.  Thoffison  would  have  placed  it  himself. 
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Past  1L  acid  in  a  concentrated  state.  The  acid  appears  to  oxidize 
^^^  "'  the  strychnin,  which,  after  being  thus  altered,  still  retains 
its  salifiable  property,  though  less  alkaline  in  its  nature.  By 
the  repeated  action  of  nitric  acid,  it  gradually  becomes  less 
and  less  alkaline  and  bitter,  and  at  Ust  loses  its  dekterioos 
properties. 

4.  Strychnin  is  united,  in  the  nux  trooAica  and  beaa^  widi 
a  peculiar  acid,  which  is  called,  by  its  discoverers,  igasuric 
acid,  from  the  Malay  name  of  the  bean. 
Its  •etioii        5.  Strychnin  is  a  very  violent  poison*  Half  a  grain  of  it, 
!!!?\'7rV.    blown  into  the  throat  of  a  rabbit,  killed  the  animal  by  teta- 
that  •fan    nus  m  five  mmutes.  Upon  introducmg  the  same  quantity  of 
co^getie   i)^^  poison  into  an  incision  on  the  back  of  a  rabbit,  death 
'^'^"'       was  produced  by  tetanus  in  three  minutes.  The  salts  form- 
ed from  this  substance  are  found  to  be  even  more  power- 
ful; which  circumstance  is  attributed  to  their  solubility* 
Nitrate  of  strychnin,  given  to  a  rabbit  in  the  dose  of  a  quar- 
ter of  a  grain,  caused  tetanus  in  two  minutes,  and  desob  in 
three  more.  Strychnin,  when  oxidized,  becomes  less  poi- 
sonous, and  by  the  repeated  action  of  nitric  acid  is  rendered 
at  last  harmless.  Its  effects  are  counteracted,  in  an  eminent 
degree,  by  the  use  of  opium.  Majendie  has  given  it  a  trial 
as  a  medicine,  and  observed  the  same  effects  from  its  use, 
as  from  that  of  the  nux  vomica,  the  bean,  or  the  upas  of 
Java;  stimulating  especially  the  spinal  marrow,  and  indu- 
cing a  true  tetanus.    It  is,  however,  more  powerftil  than 
these  substances.  When  exhibited  in  doses  of  a  quarter  of 
a  grain,  in  a  case  of  muscular  debility,  occurring  in  a  man 
of  sixty  years  of  age,  in  consequence  of  a  cerebral  disease, 
it  induced  several  attacks  of  tetanus*. 


SECTION  III. 

OK  ASPARAGl.V. 

Avpknpn,      1.  AsPARAGiN  IS  the  name  given  by  Dr.  Thomson  to  the 

tubstuice    P*^^*^*^*"  vegetable  substance,  which  was  noticed  by  Vauque- 

eztnieted    l>n  and  Robiquet  to  be  deposited  in  crystals,  when  the  ex- 

fr»in  u|ia-  pressed  juice  of  asparagus,  evaporated  to  a  syrup,  is  allowed 

'*^''        to  stand.   These  crystals  are  white  and  transparent,  and 

have  a  cooling  and  slightly  nauseous  taste.  They  are  very 

sofuble  in  hot  water,  but  sparingly  so  in  cold.  In  alcohol  they 

are  insoluble. 

^  The  facts  eiTen  in  the  altove  seetioa  were  taken  from  a  {laper  on  •tiyehnin 
Ivf  Pelletier  and  CaTcnioo,  which  appeared  towardt  the  clow  of  the  laat  year  in 
the  Annates  de  Chimie. 
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Cbap.  I. 

SECTION  IV.  

OP  CEHASIN. 

1   Cebasin  is  the  name^  by  which  Dr.  John  distinguishes  Cemiii  has 
a  peculiar  vegetable  substance,  heretofore  confounded  with  vfr***^^"^ 
guoA,  and  which  possesses  the  following  properties.  It  is  faanded  ' 
harder  than  gum,  but  has  the  same  appearance  and  taste  as  vithgun. 
this  Tcgetable  sufastanoe.    When  pat  into  water,  it  imbibes 
this  liquid,  and  becomes  transparent  and  gelatinous,  but  does 
not  dissolve*  It  may  be  dissolved  in  boiling  water,  but  it 
precipitates  as  the  liquid  cools.  It  is  insoluble  in  alcohol 
and  ether. 

2.  The  only  vegetable  substances,  mentioned  by  Dr*  itiafimiiii- 
Thomson  as  furnishing  cerasin,  are  the  gum  tragacanth,  and  ^  ^J  K^ 
the  diflferent  gums  which  exude  from  we  cherry  and  plum  vi£h?the 
trees,  as  well  as  from  the  almond  and  apricot.  hardeDed 

3.  Gum  tragacanth  is  the  juice,  hardened  in  the  aun,  of  £|^  ^  * 
the  astragalus  tragaoaatha,  a  thorny  shrub,  which  grows  in 
Candta  and  other  islands  of  the  Levant.    It  may  be  consi- 
dered as  pure  cerasin.    When  put  in  water,  it  imbibes  a 
larg^e  portion  of  this  Kquid,  cncreases  in  volume,  and  forms 

a  je  Uy-like  mass.  By  agitation,  this,  mass  may  be  so  diffused, 
iw  Co  form  a  liquid,  having  the  appearance  of  whey,  and 
"whifh,  upon  rest,  becomes  clear  again.  When  a  solution 
of  gum  arobic  is  poured  into  the  whey-like  liquid,  so  far 
from  forming  any  union  with  the  tragacanth,  the  latter  sub- 
sides much  &ster  than  it  otherwise  would  do.  When  treated 
with  nitric  acid,  it  yields  abundance  of  saclactic  acid. 

4.  The   gummous  exudations    from  the  trees  already  Gummoat 
mentioned  are  found  by  Or.  Thomson  to  be  compounds  <Mf  «xw)atioiia 

•  a  •  are  mix- 

real  gum  and  cerasm.  tares  of 

gam  and 


oerasin. 


SECTION  V. 
OF  mnuN. 

1.  Dr.  Thomson  has  given  this  name  to  the  peculiar  sub-  Inaiinya 
stance,  which  Rose  discovered  in  the  roots  of  the  inula  he-  JJJJJjJj^g 
lenium  (elecampane.)  It  may  be  obtained  by  allowing  their  furnithed 
decoction  to  stand  for  several  hours.    The  powder  which  ^J  «!«••»• 
will  be  found  precipitated  is  inulin.  ^^^' 

2.  Inulin  is  insoluble  in  cold  water,  but  may  be  diffused 
through  this  liquid,  so  as  to  have  the  appearance  of  milk.  It 
is  readily  soluble  in  hot  water.  Alcohol  produces  no  change  in 
the  aqueous  solution  when  first  added,  but  afterwards  pre* 
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PabtIL  cipitates  the  inulin  in  the  form  of  a  bulky  white  powder. 
^^*  ^^  Gum,  similarly  treated,  would  remain  milky  for  sevend  days* 


SECTION  VI. 

OF  STARCH. 

Sunh;  1*  Tbis  peculiar  vegetable  substance  may  be  readily  ob- 

^fr^f^'  tuned  from  wheat  flour,  by  forming  it  into  a  paste  with  wa« 
irheat  floor.  ^'*9  ^^  kneading  it  continually  under  a  Stream  of  water, 
until  this  liquid  runs  off  colourless*   The  water  is  found  to 
have  separated  a  portion  of  the  flour,  and  to  have  assumed 
a  milky  appearance.   Upon  standing,  it  deposites  a  white 
powder.  This  powder  is  starch.  What  remains  of  the  flour 
'    not  affected  by  the  stream  of  water  is  gluten,  a  substance 
which  will  be  described  hereafter. 
ProoMt  3*  Surch  is  obtained  by  the  manufacturer  by  the  fbllow- 

pnnued  by  ing  process.  Wheat  is  steeped  in  cold  water,  until  the  grains 
filauiw.^'  have  become  so  soft  as  to  yield  a  milky  juice  when  squeezed. 
It  is  then  put  into  coarse  linen  sacks,  and  subjected  to 
pressure  in  vats  filled  with  cold  water.  The  milky  juice  is 
in  this  way  squeezed  out  of  the  grains,  and  becomes  dif« 
fused  in  the  water.  The  wheat  is  repeatedly  steeped  in  wa- 
ter and  subjected  to  pressure,  as  long  as  it  yields  any  of  the 
milky  juice;  after  which  the  sacks  and  their  contents  are 
removed  from  the  vats.  The  starch  soon  subsides,  and  the 
water  which  covers  it  gradually  undergoes  a  fermentation, 
during  which  a  portion  of  alcohol  and  vinegar  is  formed* 
The  vinegar  dissolves  the  impurities,  and  leaves  the  starch 
untouched.  The  supernatant  liquid  is  then  drawn  off,  and 
the  starch  washed,  and  dried  at  a  moderate  heat.  During 
drying,  it  cracks  into  small  columnar  masses,  possessing 
considerable  regularity.  It  is  now  in  the  sute  in  which  it  is 
used  for  stiffening  linen  and  cotton  cloth,  and  for  other  pur- 
poses. 
PrapertlM  3.  Starch  has  a  fine  white  colour,  scarcely  any  smell,  and 
of  sureh.  y^yy  jj^^  taste.  When  exposed  to  air  in  a  dry  state,  it  un- 
dergoes no  alteration.  It  is  insoluble  in  cold  water.  With 
hot  water,  it  may  be  formed  into  a  kind  of  jelly,  which  can 
be  diffused  in  boiling  water,  so  as  to  remain  suspended  for 
a  longer  or  shorter  time,  but  does  not  dissolve.  It  is  per- 
fecdy  insoluble  in  alcohol,  even  when  assisted  by  heat.  It  is 
insoluble  also  in  ether.  None  of  the  salifiable  bases,  as  far 
as  they  have  been  tried,  is  capable  of  precipitating  it,  ex- 
cept barytes.  Its  most  characteristic  property  consists  in  its 
being  thrown  down,  combined  with  tannin,  from  all  sola- 
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tions  by  infusion  of  nutgalk.    It  consdtutea  a  veiy  dcli«  c«a>.i. 
catc  teat  of  the  presence  of  iodine. 

4.  Sulphuric  acid  dissolves  starch  slowly,  and  developesBfrcctaof 
a  very  bulky  charcoal.  When  diluted  and  heated,  this  acid  f^^^^' 
dissolves  ii  without  alteration.    Diluted  nitric  acid  dissolves  apon  it. 
starch  slowly,  and  forms  a  green-coloured  solution,  on  the 
surface  of  wnich  there  swims  a  white  matter,  not  acted  upon 

by  the  acid.  This  peculiar  mode  of  action  of  nitric  acid  has 
been  taken  advanuge  of,  to  detect  starch  in  vegetables. 
Strong  hydrochloric  acid  dissolves  starch  slowly,  and  with- 
out effervescence*  When  the  proportion  of  the  starch  does 
not  exceed  ^th  of  the  acid,  the  solution  is  transparent  and 
colourless;  but  when  in  larger  amount,  it  loses,  in  a  degree^ 
its  liquidity,  and  becomes  of  a  brown  colour. 

5.  When  starch  is  thrown  upon  a  hot  iron,  it  melts, 
blackens,  froths  and  swells,  and  bums  with  a  bright  flame, 
emitting  a  large  quantity  of  smoke;  but  it  does  not  explode, 
or  emit  the  peculiar  smell,  which  sugar  does  under  similar 
circumstances. 

6.  According  to  an  analysis  by  Gay-Lussac  and  Thenard^Compotf- 
starch  is  composed  of  SwSu 

Hydrogen  6*77 

Carbon  43*55 

Oxygen  49*68 

100*00 

7.  A  very  large  proportion  of  the  vegetables,  employed  as  SUreb  ii 
food  by  man,  contain  starch.  It  may,  therefore,  be  justly  ^^^"^ 
considered  a  highly  nutritious  vegetable  principle.  Its  me- 
dicinal properties  are  those  of  a  demulcent.  It  is  often  ad- 
vantageously used  in  diarrhoea  and  dysentery,  both  by  the 
mouth  and  in  the  shape  of  clyster,  more  particularly  in  the 
latter  form,  when  there  is  irritation  in  the  rectum.  The 
parts  of  plants,  in  which  it  is  most  abundantly  found,  are 
their  seeds  and  bulbous  roots.  The  following  table  exhibits 
the  proportion  of  starch  contained  in  one-hundred  parts  of 
the  seeds,  which  constitute  the  greater  portion  of  the  vege- 
table food  of  man. 


na- 


DIFFERENT  VEGETABLE  SEEDS. 


Quantity  of  Btareb 
per  eent. 


Flour  of  wheat  (triticum  hybemum) 

rye  (secale  cereale) 

barley  (hordedp  vulgare) 
Seeds  of  orysa  sativa  (rice) 

ptsum  sativum  (pea) 

phaseolus  vulgaris  (kidney  bean) 


74*5* 
62 

67t 
from  84  to  85 

33 

36 


•  AceordiDg  to  Proust.  Thomson's  Annate  xii.  202. 

1 1  find  by  the  Annftls  of  Fhilosophy«  that  Proust  has  lately  subjected  barl«y 
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Fast  II.  8*  The  bulbous  root  of  the  potaloe  (aolanum  tuberosum) 
BjxKr^u.  ^jig  found  by  Einhof  to  vteld  15  per  cent,  of  starch.  The 
Tl«ep«t»-  method  of  cri>taiDing  it,  is  to  grate  down  the  potatoe  to  a 
iSiKNra^  pulp,  and  to  wash  it  repeatedly  with  water  on  a  fine  sieve, 
of  staieh.  The  water  carries  with  it  the  starch,  and  must  be  received 
fera^fr^  ^  PK>per  vessels  and  allowed  to  settle.  This  starch  differs 
vhMt  from  wheat  starch,  in  forming  a  thicker  paste  with  water, 
starth.  in  having  a  perceptible  crjrstallized  appearance,  and  in  being 
specifically  heavier. 

9.  The  sago,  salop  and  tapioca  of  the  apothecaries,  sub- 
stances so  frequently  ordered  as  diet  for  the  sick,  are  all 
different  varieties  of  starch. 


SECTION  VII. 


OF  INDICSO. 


Indigo^  ob- 

BCTenl 
planti. 


Proeeas 
described. 


Indigo  of 

oommeree 

dewribed. 


1.  Indigo  of  commerce  is  the  produce  of  several  species 
of  plants,  which  grow  in  the  West  Indies  and  South  Ame* 
rica.  These  are  the  indigofera  argentea,  or  wild  indigo,  the 
indigofera  dtsperma,  or  Guatimsda  indigo,  and  the  indigo- 
fera tinctoria,  or  French  indigo.  The  first  mentioned  yields 
the  best  indigo,  but  in  smallest  quantity;  the  last  named, 
the  greatest. 

2.  The  indigo  is  separated  from  the  plants  4>y  steeping 
diem  in  water,  until  they  undergo  a  species  of  fermentation, 
at  which  time,  they  communicate  a  green  colour  to  the  wa- 
ter. The  water  is  drawn  off  and  agitated,  by  which  means 
blue  floculi  appear,  and  the  whole  becomes  curdled.  Lime 
water  is  now  added,  which  is  supposed  to  act  by  prevent- 
ing putrefaction,  and  the  floculi  are  allowed  to  subside.  The 
water  is  then  drawn  off,  and  the  pigment  placed  in  linen 
bags  to  drain;  after  which,  it  is  put  into  little  square  boxes 
and  dried  in  the  shade. 

3.  The  indigo  of  commerce  is  a  light  friable  substance, 
of  a  deep  blue  colour  and  compact  texture;  its  colour,  how- 
ever, varies  somewhat  with  the  different  modes  of  its  pre* 
paration*  That  which  is  lightest  is  most  free  from  impurities, 
and  is  therefore  best. 


to  analyds*  and  finds  it  to  eontain  only  38  per  sent  of  ftaroh.  This  ehenuit  eoo- 
oeiTesy  that  bo  has  detected  a  new  vegetable  princmlo  in  this  gnb>  in  the  amoaot 
of  55  per  cent,  vhioh  he  calb  horde'm.  ( ADnals,  xii.  SOt .) 
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4.  According  to  Bergman,  the  indigo  of  commerce   is  Chap,  i, 

composed  of 

Pare  indigo  47 

Gum  12 

Resin  *  6 

Barytes  lime  and  silica  22 

Oxide  of  iron  13 

100 
Thus  it  appears  that  more  than  half  the  weight  of  the  indigo 
of  commerce  consists  of  impurities. 

5.  Pure  indigo  is  a  soft  powder  of  a  deep  blue  colour  in*  Pure  indii^ 
dining  to  purple,  and  destitute  of  taste  or  smell.  It  under-  ^••^*»^- 
goes  no  alteration  in  the  air.  It  is  insoluble  in  water.  When  ex- 
posed to  heat,  it  emits  a  bluish-red  smoke,  and  at  last  burns 

with  a  faint  white  flame.  The  residuum  is  a  portion  of  ashes. 

6.  Diluted  sulphuric  acid,  digested  upon  common  indigo,  BffeetiQC 
has  no  other  effect  than  to  dissolve  the  impuritits;  but  the  ^^  *^^ 
same  acid,  when  concentrated,  dissolves  pure  indigo  with  upon it» 
the  evolution  of  heat,  and  forms  the  solution,  known  by  the 
name  of  liquid  blue.  Nitric  acid,  by  its  action  upon  it,  pro- 
duces tannin  and  bitter  principle,  and  also,  by  peculiar  ma- 
nagement, benzoic  acid. 


SECTION  VIIL 

OF  GLUTEN. 

1.  This  substance  may  be  obtained  from  wheat  flour,  by  Gloteoi  ^ 
forming  it  into  a  paste  with  water,  and  kneading  it  under  a  eSTromT***' 
jet  of  water,  until  this  liquid  comes  off  colourless.  The  starch  whest 

is  thereby  washed  off,  so  that  nothing  remains  but  pure  gluten.  ^^^^* 

2.  Gluten  is  a  ductile,  exceedingly  tenacious  and  elastic  Its  proper- 
substance  of  a  grey  colour.  When  spread  very  thin,  it  is  ^^* 
nearly  white  and  has  considerable  resemblance  to  tendon  or 
animal  membrane.  Its  smell  is  peculiar,  and  its  taste  very 
slight.  When  exposed  to  the  air,  it  at  first  assumes  a  brown 
colour,  and  becomes,  as  it  were,  covered  by  a  coat  of  oiL 
Afterwards  it  becomes  dry,  in  which  state  it  has  some  re- 
semblance  to  glue;  for  it  is  now  slightly  transparent,  has 

a  dark  brown  colour,  and  is  pretty  hard  and  brittle,  break- 
ing with  a  fracture  like  glass. 

3.  Gluten  in  its  fresh  state  always  contains  a  certain  quan-  When 
tity  of  water,  which  it  holds  with  great  obstinacy,  and  to  *''*■''»  *** 
which  it  owes  its  elasticity  and  tenacity.    When  macerated 

in  cold  water  for  a  considerable  time,  an  opaque  liquid,  sus- 
pending small  films,  is  formed.   This  liquid,  by  repeated 

3R 
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Moist  glu- 
ten putre< 
fies  upon 
keeping. 


Efiecta  of 
the  stron- 
ger acids 
uiK>n  gla- 
ten. 


Effects  of 
drying  and 
of  heat 


Gluten  re- 
sembles 
animal 
matter. 

It  is  found 
in  a  great 
variety  of 
highly  nu- 
tritions sub- 
stances. 


filtration,  may  be  rendered  transparent,  but  still  it  contains 
a  small  proportion  of  gluten.  From  this  it  appears,  thai  this 
vegetable  substance  is  somewhat  soluble  in  water.  When 
the  transparent  solution  is  heated,  the  gluten  separates  in 
yellow  flakes* 

4.  When  gluten  is  kept  moist,  it  very  soon  undergoes  a 
kind  of  putrefactive  fermentation.  It  swells,  emits  bubbles 
of  air  consisting  of  hydrogen  and  carbonic  acid,  and  exhales 
a  putrid  odour,  similar  to  that  which  attends  the  putrefac- 
tion of  animal  substances*  When  continued  in  the  same 
state  for  24  days,  the  gluten  becomes  converted  into  a  kind  of 
paste,  of  a  greyish-white  colour,  which  is  denominated  fer- 
mented gluten.  If  the  exposure  be  still  continued,  the  gluten 
at  last  acquires  the  smell  and  taste  of  cheese. 

5.  Fresh  gluten  does  not  dissolve  in  alcohol,  but  is  thrown 
down  from  its  aqueous  solution  by  this  liquid*  It  is  insolu- 
ble in  ether  also. 

6*  Concentrated  sulphuric  acid,  when  poured  upon  gluten, 
renders  it  at  first  violet-coloured,  but  at  last  black;  in- 
flammable air  is  evolved,  and  water,  ammonia  and  charcoal 
formed.  When  nitric  acid  is  heated  upon  it,  azotic  gas  is 
evolved,  oxalic  and  nialic  acids  are  formed,  and  a  number 
of  yellow -coloured  oilpflakes  make  their  appearance.  When 
the  infusion  of  nut-galls  is  added  to  a  solution  of  gluten,  a 
yellowish-brown  precipitate  appears,  which  does  not  dis- 
solve by  the  application  of  heat. 

7.  When  moist  gluten  is  suddenly  dped,  it  swells  ex- 
ceedingly. When  dry  gluten  is  exposed  to  heat,  it  cracks, 
swells  and  melts,  then  blackens  and  exhales  a  fetid  odour, 
burning  precisely  like  feathers  or  horn. 

8.  Gluten  approaches,  in  many  respects  in  its  nature,  to 
animal  matfer.  Yielding  ammonia  by  destructive  distillation 
and  by  fermentation,  one  of  its  constituents  must  be  azote* 
Its  other  component  parts  are  oxygen,  hydrogen  and  carbon* 

9.  Gluten,  besides  existing  in  large  proportion  in  wheat 
flour,  which  is  thereby  so  well  fitted  to  form  bread,  is  foimd 
in  many  other  nutritious  vegetable  substances,  in  greater  or 
less  amount.  The  principal  of  these  are  rye,  barley,  peas, 
and  beans,  as  well  as  chesnuts,  horse-chesnuts  and  acorns. 
It  has  not  been  discovered  in  the  potatoe.  After  being  fer- 
mented, it  forms,  by  trituration  with  a  small  quantity  of  al- 
cohol and  afterwards  mixture  with  a  considerable  quantity, 
a  solution,  which  constitutes  an  excellent  varnish  for  paper 
or  wood,  as  was  first  ascertained  by  Cadet.  This  same  che- 
mist ascertained,  that  fermented  gluten  formed  a  very  good 
ground  for  paint.  It  is  also  useful  for  the  purpose  of  ce- 
menting pieces  of  china. 
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* 

Chap.  I. 

SECTION  IX. 

OF  POLLENIN. 

1.  This  is  the  name  given  by  Dr.  John  to  a  peculiar  sub-  Poiienin,  a 
stance,  which  may  be  extracted  from  the  pollen  of  the  pinus  P^f"**^'* 
abies,  pmus  s}  Ivestris  and  lycopodium  clavatum,  and  which  extmeted 
is  supposed  by  him  to  be  the  characteristic  constituent  of  ^^^  ^^^ 
the  pollen  of  every  species  of  plant.  thephie. 

2.  PoUenin  is  a  yellow  substance,  destitute  of  taste  and 
smell.  It  is  insoluble  in  water,  alcohol,  ether  or  the  oils. 
When  exposed  to  the  air,  it  very  soon  acquires  the  odour 
and  taste  of  cheese,  and  afterwards  runs  into  the  putrefac- 
tive fermentation,  forming  a  considerable  quantity  of  ammo- 
nia. It  is  closely  allied  to  gluten  in  its  properties. 


SECTION  X. 

OF   FIBRIN. 

1.  Fibrin  must  always  be  considered  as  a  substance  ra-  fibrin  cz- 
ther  of  animal  than  of  vegetable  origin.  But  as  a  substance  j„Ye#'*Jf^^ 
has  been  detected  by  Vauquelin  in  the  milky  juice  of  the  papav tree. 
papaw  tree  (carica  papaya),  which  appears  to  be  the  same 
as  the  fibrin  of  the  blood;  fibrin,  although  previously  consi- 
dered exclusively  of  animal  origin,  must  be  mentioned  here 
to  complete  the  enumeration  of  vegetable  proximate  consti- 
tuents.   The  description  of  this  substance  will  be  deferred, 
\mtil  treating  of  fibrin  as  an  animal  constituent. 


THIRD  SET. 

SUBSTAJrCES  WBICH  MELT  WHEJ^  HEATED,  IF  J^OT 
ALREADY  LIQUID,  AJ^D  BURJ^  LIKE  OILS. 

SECTION  I. 

OF  OILS. 

1.  This  class  of  vegetable  constituents  has  been  divided  Oils  tre  di- 
into  fixed  and  volatile  oils.  fixc^I'S? 

2.  The  fixed  oils  are  found  very  rarely  in  any  parts  of  Tolatile. 
vegetables  except  their  seeds,  which  are  almost  always  bi- 
cotyledonous.  Olive  oil  is  an  exception  to  this  rule,  being 
extracted  from  the  pulp  which  surrounds  the  stone  of  the 
fruit.  On  the  other  hand,  the  volatile  oils  are  found  in 
every  part  of  the  plant^  except  the  cotyledons  of  the  seeds. 


• 
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Paet  n.  These  latter  oik  are  very  numerous,  existing  in  fact  in  all 
^^^^'  planta  having  a  peculiar  odour,  which  in  every  case  de- 
pends upon  their  presence*  Some  account  of  Uie  volatile 
and  fixed  oils  has  already  been  given.  The  subject  is 
resumed  merely  for  the  purpose  of  making  the  enumera- 
tion of  the  proximate  constituents  of  vegetables  complete. 


SECTION  II. 

OP  WAX. 

Wbx  maj  1.  Wax  may  be  extracted  in  considerable  abundance 
be  extraet- fpQiQ  Several  plants.  The  greatest  quantity  of  this  sub- 
vena  stance,  however,  is  fabricated  by  bees  from  vegetable  ma- 
plants,        terials.  Bees-wax  will  be  first   described,  and  afterwards 

the  principal  varieties  of  this  substance  will  be  noticed. 
Bees-trax        2.  Bees-wax,  when  pure,  is  of  a  whitish  colour,  and 
dewribed.  nearly  destitute  of  taste  and  smell.  In  its  common  state, 
it  is  yellow,  and  has  a  pretty  strong  aromatic  odour;  but  it 
loses  botii  colour  and  smell  by  bleaching,  which  is  effected  by 
'  exposing  the  wax,  in  thin  ribands,  for  some  time  to  the  at- 
mosphere. It  is  insoluble  in  water  and  in  cold  alcohol;  but 
I  alcohol,  assisted  by  heat,  is  capable  of  dissolving  ^th  of  its 

weight  of  it.  When  the  solution  cools,  the  greater  part  of 
the  wax  falls  down,  and  the  remainder  may  be  precipitated 
by  water.  Dr.  John  has  ascertained,  that  one  portion  of 
bees-wax  is  insoluble  in  boiling  alcohol,  and  has  properties 
distinct  from  the  soluble  portion.  The  insoluble  portion  he 
calls  myrtciny  and  the  soluble  portion,  cerin.  « 

Wax  eom-      3.  Wax  combines  readily  with  fixed  oils,  and  forms  com- 
fixlSoiii.^  pounds  of  more  or  less  consistency,  according  to  the  pro- 
portions used.  This  combination  forms  the  application  made 
to  sores,  which  is  known  by  the  name  of  cerate. 

4.  Wax  combines  with  potash,  soda  and  ammonia,  and 
forms  compounds  analogous  to  soaps. 

5.  Acids  have  but  little  action  upon  wax.  Chlorine  pro- 
duces no  other  change  upon  it  than  to  destroy  its  colour, 
when  in  the  unbleached  state.  Its  insolubility  in  acids  fits  it 
as  a  lute  to  confine  corrosive  acids,  and  for  stopping  bottles 
containing  these  substances. 

CoQipoti-       6.  According  to  Gay-Lussac  and  Thenard,  wax  is  com- 
^^"^~- posed  of 

Oxygen  5*544 

Hydrogen  12«672 

Carbon  81-784 

lOOOOO 


7«  It  has  be»  a0Gertaiiied,  chat  the  varnUh,  which  covers  Ciuf.  i. 
the  upper  surface  of  the  leaves  of  many  plants,  consists  of  7     TT 
a  aubatancet  which  possesses  all  the  properties  ot  bees- wax.  Teringsome 
It  may  be  separated  by  the  following  process;  Digest  the  '^.^"^^V'  ^ 
bruised  leaves,  first  in  water  and  then  in  alcohol,  until  every  ^^^^^ 
thing  soluble  is  taken  up*  Treat  the  residuum  with  sist  times 
its  weight  of  water  of  ammonia,  as  long  as  this  liquid  will 
dissolve  any  thing.  Then  decant  the  solution  formed,  and, 
after  filtering  it,  add  diluted  sulphuric  acid,  more  than  suf- 
ficient to  saturate  the  ammonia,  stirring  the  whole  constant- 
ly. A  precipitate,  in  the  form  of  a  yellow  powder,  will  fall, 
which,  after  being  carefully  washed,  and  melted  over  a 
gentle  fire,  is  the  substance  in  question* 

8*  Mjrrtle  wax  is  obtained  from  the  myrica  cerifera,  a  Myrtle. 
shrub  which  grows  abundantly  in  Louisiana  and  other  parts  ^^' 
of  the  United  States*  The  wax  is  separated  by  boiling  the 
berries,  which  are  covered  with  a  coat  of  it,  in  water*  The 
boiling  water  melts  the  wax,  which  is  skimmed  off  its  sur- 
face* It  is  then  passed  through  a  cloth,  dried,  melted 
again,  and  cast  into  cakes*  Thia  wax  is  insoluble  in  water, 
and  but  sparingly  soluble  in  alcohol*  Its  specific  gravity  is 
greater  than  that  of  bees*wax*  It  forms  compounds  with 
potash,  soda  and  ammonia,  very  similar  to  those  formed  by 
bees- wax*  When  strongly  heated,  it  bums  with  a  clear  white 
flame,  emitting  an  aromatic  odour* 

9.  Wax  is  of  indispensable  utility  in  pharmacy*  It  enters  Use«  of 
into  the  composition  of  almost  all  the  cerates,  ointments  and  p^ar^acy 
plasters,  employed  in  practice. 


SECTION  III. 

OF  CAMPHOR. 

1.  Camphor  is  obtained  from  the  laurus  camphora,  a  Camphor, 
tree  which  grows  in  Japan,  and  other  parts  of  Asia*   Itf^^J^^^^^ 
comes  to  Europe  and  America  in  a  crude  state,  formed  by  which 
distilling  the  wood  of  the  plant  with  water*  It  is  refined  for  ^^'  '^ 
the  purposes  of  medicine  by  a  second  distillation  in  glass 
vessels. 

2*  Camphor,  after  being  refined,  is  a  white  brittle  sub-  Its  proper- 
stance,  possessing  a  strong  acrid  taste,  and  peculiar  aro-^^^ 
matic  smell.  It  is  insoluble  in  water,  but  dissolves  readily 
in  alcohol,  from  which  it  may  be  precipitated  by  water.  It 
is  soluble  also  in  both  fixed  and  volatile  oils.  It  is  not  act- 
ed on  by  potash  or  soda,  whether  pure  or  in  the  state  of 
carbonates. 
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3.  Most  of  the  acids  dissolve  camphor^  and  generally  it 
may  be  precipitated  from  their  solutions  unaltered. 

4*  When  camphor  is  exposed  in  an  open  vessel  in  warm 
weather,  it  evaporates  completely.  It  is  volatilized  also, 
when  exposed  to  heat;  but  if  the  heat  be  suddenly  applied, 
it  may  be  melted  before  it  evaporates.  It  is  very  inflamma* 
ble,  catching  fire  readily  and  emitting  a  great  deal  of 
flame,  and  leaving  no  residuum.  When  burnt  in  a  large 
g^obe  filled  with  oxygen  gas,  and  containing  a  little  water, 
the  products  are  camphoric  acid  and  carbonic  acid  which 
impregnate  the  water,  and  charcoal  which  covers  the  inner 
surface  of  the  globe. 

5.  There  are  several  kinds  of  camphor,  besides  that  which 
has  just  been  described.  The  principal  of  them  are  the  cam- 
phor of  volatile  oils,  and  the  camphor  formed  by  treating 
oil  of  turpentine  with  hydrochloric  (muriatic)  acid. 

6.  The  camphor  of  volatile  oils  exists  in  almost  all  these 
bodies.  It  may  be  obtained  by  subjecting  them  to  various 
degrees  of  cold,  exposed  to  the  open  ain  the  oil  gradually 
evaporates,  and  the  camphor  is  left  behind. 

7.  Artificial  camphor  is  made  by  passing  hydrochloric 
acid  gas  into  a  vessel  containing  oil  of  turpentine.  The  gas 
is  absorbed,  and  the  oil  becomes  hot,  is  increased  in  bulk, 
and  its  colour  changed  to  dark  brown.  After  standing  for 
24  hours,  the  oil  deposites  crystals  of  artificial  camphor. 
These  crystals  at  first  have  a  slight  odour  of  oil  of  turpen- 
tine. To  remove  this  smell,  they  must  be  sublimed,  mixed 
with  their  weight  of  charcoal  powder,  wood-ashes  or  quick* 
lime. 

8.  When  thus  purified,  artificial  camphor  has  a  smell  re- 
sembling that  of  common  camphor,  but  not  so  strong.  Its 
taste  also  is  similar  to  that  of  common  camphor.  It  swims 
on  water,  and  may  be  burnt  upon  its  surface,  as  is  the  case 
with  natural  camphor.  It  dissolves  completely  in  alcohol, 
from  which  it  may  be  precipitated  by  water.  Nitric  acid  of 
the  specific  gravity  of  1*261  has  no  action  upon  it,  although 
this  acid  dissolves  readily  common  camphor.  Concentrated 
nitric  acid,  however,  dissolves  it  with  the  emission  of  deu- 
toxide  of  azote  (nitrous  gas),  and  the  solution  formed  is 
not  precipitated  by  the  addition  of  water.  Hence  it  would 
appear,  that  artificial  camphor  resembles  common  camphor 
in  every  particular,  except  in  the  action  of  nitric  acid. 


BIRD-UMB— R£8INS.  5Q3 

SECTION  IV. 
OF  BIKD-UME. 

1*  The  viscid  matter,  which   covers  the  epidermis  of  Bini-Gma, 
the  robinia  viscosa,  has  been  ascertained  by  Vauquelin  to  ^J^"^ 
be  a  pecuUar  vegetable  substance.  The  substance  called  eiet  of  ro- 
bird-iime,  by  an  analysis  of  Bouillon  la  Grange,  is  found  ^o**- 
to  owe  its  peculiar  properties  to  the  presence  of  a  body, 
very  analogous  to  the  peculiar  viscous  principle  just  men- 
tioned. It  is  on  this  account,  that  Dr.  Thomson  proposes  to 
call  the  vegetable  principle  itself  by  the  name  of  Urd'Hme* 

2.  The  bird-lime,  w  hich  exudes  spontaneously  from  plants,  lu  proper- 
is  a  green  adhesive  substance,  destitute  of  taste  or  smell.  It  ^®'* 
aoftens  between  the  fingers,  to  which  it  sticks  with  great 
obstinacy.  It  is  insoluble  in  water,   and  in  alcohol  when 

cold;  but  it  dissolves  in  hot  alcohol.  It  combines  readily 
with  oils.  Ether  dissolves  it  with  facility,  without  the 
assistance  of  heat. 

3.  Artificial  bird-lime  is  usually  prepared  from  the  middle  AHificia 
bark  of  the  holly.  This  bark,  after  being  boiled  six  or  eight  ^{|]^"f?« 
hours  until  it  becomes   soft,  is  laid  in  the  earth,  coveredfrom  the 
with  stones,  to  undergo  fermentation,  by  which  it  assumes  ^^^7- 

a  mucilaginous  consistency. 


SECTION  V, 

OF  RESINS. 

1.  Resins  are  peculiar  substances,  which  flow  spontane-  Reiioip 
ously,  or  through  artificial  openings  from  trees,  not  uncom-  ^^^  ^^ 

.  monly  mixed  in  the  first  instance  with  volatile  oils.   They 
possess  the  following  properties: 

2.  They  are  brittle  substances,  of  a  yellow  colour,  and  Theirgeiic- 
possessing  a  certain  degree  of  transparency.    They  have  a  JJ^'***^*''" 
taste,  which  is  more  or  less  acrid,  and  no  smell,  unless  they 
contain  foreign  bodies.     They  are  ail  heavier  than  water. 
When  exposed  to  heat,  they  *  melt;  and,  if  the  temperature 

be  increased,  they  catch  fire  and  bum  with  a  yellow  flame, 
emitting  a  vast  quantity  of  smoke.  They  are  insoluble  in 
water,  but  dissolve  with  few  exceptions  in  alcohol,  especially 
when  assisted  by  heat.  When  the  alcoholic  solution  is  mix- 
ed with  water,  they  are  precipitated  in  the  form  of  a  white 
powder,  which  at  nrst  renders  the  solution  milky.  They  are 
soluble  also  in  sulphuric  ether*  The  greater  number  of  them 
dissolve  in  oil  of  turpentine.    Solutions  of  potash  or  soda. 
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Pabt  IL  either  pure  or  in  the  state  of  carbonates,  dissolve  them  per-> 
^*^^  **•  fectly  at  a  boiling  temf^erature;  and  the  compounds  formed 
have  the  properties  of  soap,  and  may  be  used  as  detergents. 
They  are  taken  up  but  imperfectly  by  ammonia*  The  action 
of  sulphuric  and  nitric  acids  is  to  dissolve,  and  afterwards, 
by  the  assistance  of  heat,  to  convert  them  into  tannin.     If 
the  action  of  the  first  named  acid  be  allowed  to  go  on  to 
its  fullest  extent,  they  are  converted  into  charcoal.   Hydro- 
chloric acid  and  acetic  acid  dissolve  them  slowly,  and  form 
solutions,  from  which  they  may  be  precipitated  by  water* 
Resins  are       ^*  Having  given  their  general  properties,  it  is  next  pro* 
of  Tarious    per  to  describe  some  of  the  individual  resins«    Those  which 
kinds.        ^211  1^^  noticed  here  are  the  following}  namely,  rosin,  mas- 

tich,  tacamahac,  anim6,  copal,  lac,  and  amber* 
1.  Rosin  ex-     [!•]  RoBtru  The  resinous  juice  which  exudes  from  different 
ists  in  save-  species  of  fir  is  called  turpentine.     That  obtained  from  the 
tinevvhich  pi^UB  sylvestris  (common  Scotch  fir)  and  pinus  abies  (spruce 
are  ooni(^  fir)  is  denominated  common  turpentine;  that  from  the  pinus 
^'J^i^'^larix,  Venice  turpentine;  and  that  from  the  pinus  balsamea, 
turpentine,  balsam  of  Canada.  All  these  turpentines  are  composed  of 
two  constituents,  which  may  be  separated  by  distillation; 
namely,  oil  of  turpentine,  which  distils  over,  and  rosio^ 
which  remains  behind*     Rosin  furnishes  a  very  perfect  ex- 
ample of  a  resin;  and  the  general  properties  ^f  the  resins, 
already  detailed,  may  be  considered  as  those  belong^n^  to 
this  substance* 

According  to  Gay-Lussac  and  Thenard,  rosin  is  compos- 
ed of 

Oxygen  18*337 

Carbon  75*944 

Hydrogen        10-719 

lOOKXX) 

S.Ma8tieh.      [2.]  itfa^ticA.— This  resin  exudes,  by  transverse  incisions, 

from  a  tree,  which  grows  in  the  Levant,  and  is  called  by  the 

botanists  pistacea  lentiscus*  It  is  in  the  form  of  transparent, 

yellow,  brittle  grains*  Its  taste  is  slight,  but  not  unpleasant* 

It  has  been  long  used  in  Turkey,  as  a  masticatory,  with  the 

view  of  strengthening  the  gums  and  sweetening  the  breath. 

When  heated,  it  emits  a  fragrant  odour.  The  action  of  dif- 

ferent  chemical  bodies  proves  it  to  possess  the  general  pro* 

perties  of  a  resin* 

s.  Tacaroa-     [3*]  TiOfcamaAac*— -This  is  the  produce  of  an  American 

hao.  plant,  called  fagara  octandra*    It  is  in  the  form  of  oblong 

masses,  wrapt  in  flag  leaves,  possessing  a  light  brown  colour* 

It  is  very  britde*  When  heated  it  easily  melts.   In  its  pure 

state,  its  smell  is  intermediate  between  that  of  lavender  and 
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musk*    It  is  entirely  soluble  in  alcohol,  but  insoluble  in    Chap.  i. 
water. 


[4.]  Anim^M^This  resin  is  obtained  from  the  hymenaea  ^  Anim^. 
courbaril,  or  locust  tree,  a  native  plant  of  North  America. 
It  resembles  very  much  copal,  and  is  said  to  be  frequently 
employed  in  making  varnishes.    It  is  easily  distinguished 
from  copal  by  its  ready  solubility  in  alcohol. 

[5.]  CopaL'-r-This  resinous  substance  is  said  to  be  obtained  5.  Copal  oV- 
from  the  thus  copaliinum^  a  native  tree  of  North  America.  {J'e^ug*^"* 
The  best  kind  of  copal  comes  from  Spanish  America.  It  is  copaiiinum. 
a  beautiful  white  substance  with  a  slight  tint  of  brown.  It  is 
frequently  opaque,  but  sometimes  perfectly  transparent.    It 
agrees  with  the  other  resins  in  its  fusibility  by  heat,  its  so- 
lubility in  alkaline  salifiable  bases,  and  in  the  changes  pro- 
duced upon  it  by  the  action  of  nitric  acid.    On  the  other 
hand,  it  differs  from  them,  in  not  being  soluble  in  alcohol  or 
oil  of  turpentine  without  peculiar  management,  and  ip,  not 
being  so  readily  soluble  in  the  fixed  oils. 

When  a  solution  of  copal  in  some  volaule  liquid  is  spread  Forms  r 
with  a  brush  upon  wood,  metal,  paper,  &c.  after  the  volatile  ^2^"^ 
menstruum  has  evaporated,  there  remains  upon  these  bodies 
a  thin  layer  of  copal  perfectly  transparent.  It  is  in  this  way, 
that  copal  is  prepared  for  a  varnish,  and  it  certainly  consti- 
tutes the  most  beautiful  application  of  this  kind  known. 
The  menstrua  for  copal,  which  are  most  generally  employed, 
are  oil  of  turpentine,  linseed  oil,  or  a  mixture  of  these 
Uquids. 

[6.]  Xac— -This  substance  has  already  been  noticed,  when  6.  Lae,  the 
describing  the  laccic  acid.  It  is  formed  upon  the  twigs  ofP'***"  °^  ""^ 
different  trees,  which  grow  in  the  East  Indies,  and  consti- 
tutes the  nidus  of  an  insect  called  chremes  lacca.  In  com- 
merce, it  is  distinguished  into  different  kinds.  When  en- 
crusting small  tu  igs,  it  is  of  a  red  colour,  and  is  called  stick- 
lac.  When  boiled  in  water,  it  loses  its  red  colour,  and  is  then 
called  seed-lac.  When  melted  and  formed  into  a  thin  crust, 
it  is  called  shell-lac.  The  two  last  mentioned  kinds  are 
brown.  By  an  analysis  of  Hatchett,  it  appears,  that  these 
substances  are  composed  principally  of  resin;  stick-lac  con- 
taining 68  per  cent.,  seed-lac  88  per  cent.,  and  shell-lac  91 
per  cent,  of  resin.  The  other  constituents  are  colouring  mat- 
ter having  the  properties  of  extractive,  wax  resembling  myr* 
tie  wax,  and  gluten,  analogous  to  that  furnished  by  wheat. 

Lac  is  applied  to  several  uses  in  the  arts.  It  is  dissolved  Uiet  of  lae. 
by  a  solution  of  subborate  of  soda  (borax.)  When  the  solu- 
tion is  made  of  one  hundred  grains  of  lac,  in  four  ounces  of 
water  containing  twenty  grains  of  this  salt,  and  then  mixed 
with  lampblack,  it  constitutes  Indian  ink.  Melted  with  di£- 

3S 
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Pabt  n.  ferent  proportions  of  turpentine^  and  ivory  black  or  ycrmi- 
BookH.  y^^^^  j^  constitutes  black  or  red  sealing  wax.    It  forms  also 

the  basis  of  many  varnishes  and  lackers. 
7.  Amberis  [7-]  -4mft^r.— This  substance  possesses  most  of  the  pro- 
of yegeubie  perties  of  a  resin,  and  may,  without  impropriety,  be  placed 
*^^  among  these  bodies.  It  is  undoubtedly  of  vegetable  origin. 
It  is  found  in  different  countries,  but  most  abundantly  in 
Prussia,  on  the  sea  shore,  or  under  the  earth  at  the  depth 
JiM  propev-of  about  one  hundred  feet,  resting  on  wood  coaL  It  is  a 
^^'  light,  brittle,  hard  substance,  sometimes  perfectly  transpa- 

rent and  nearly  colourless,  but  commonly  semi-transparent^ 
and  yellow  or  deep  brown*  It  has  considerable  lustre,  and 
IS  susceptible  of  polish.  It  breaks  with  a  glassy  fracture.  It 
is  tasteless,  and  without  smell  unless  when  pounded  or 
heated.  It  may  be  melted,  but  it  always  loses  weight  in  this 
operation.  In  a  strong  heat,  it  bums  apd  leaves  a  small  por- 
tion of  ashes.  It  does  not  dissolve  in  water,  and  is  but  spa- 
ringly soluble  in  alcohol.  Nitric  acid  produces  the  same 
changes  on  it  as  upon  resins  in  general. 


SECTION  VI. 

OP  GUAIACUM. 

GauaeQin,  1.  This  substance  is  obtained  from  a  native  tree  of  the 
j''^"*^  West  Indies,  called  by  botanists,  guaiacom  officinale.  Itex- 
oftbeWettudes  spontaneously,  but  is  generally  forced  out  artificially^ 
Indies.  by  heating  one  extremity  of  billets  of  the  wood,  boted  lon- 
^udinally.  The  guaiacum  is  thereby  melted,  and  runs  out 
of  the  other  extremity, 
lu  proper-  2*  Guaiacum  is  a  solid  substance,  having  considerable 
^^  resemblance  to  a  resin.    Its  colour  is  not  uniform,  but  dif- 

ferent portions  of  it  are  reddish,  brownish,  or  greenish.  It 
is  somewhat  transparent,  and  breaks  with  a  vitreous  frac- 
ture. When  pounded,  it  emits  a  pleasant  odour,  and  although 
it  possesses  scarcely  anv  taste,  yet  it  produces  a  burning 
sensation  in  the  throat.  When  heated,  it  melts  and  exhales 
a  peculiar  odonr.  It  was  confounded  with  the  resins,  until 
Hatchett  observed,  that  its  products  by  the  action  of  nitric 
acid  were  not  those  of  a  resin.  This  chemist  ascertained, 
that  no  tannin  was  formed  by  nitric  acid  on  guaiacum;  but 
a  large  quantity  of  oxalic  acid.  This  circumstance  is  suffi- 
cient to  distinguish  guaiacUm  from  the  resins. 
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CHlf.  I. 

SECTION  VII.  

OF    BALSAMS. 

1.  The  term  balsam  was  originally  applied  to  all  thick  Term  bd- 
liquids,  possessing  a  strong  and  fragrant  smelU  Its  mean-  |JJ^"^ 
log  was  aherwards  restricted  by  chemists  to  resinous-like  meaningi. 
substances,  which  yield  benzoic  acid  when  exposed  to  heat* 
In  this  latter  sense,  the  term  balsam  will  be  taken  here. . 

2.  It  has  generally  been  supposed  by  chemists,  that  the 
benzoic  acid,  which  the  balsams  yield  by  heat,  exists  in 

them  ready  formed;  but  Hatchett  has  rendered  it  probable,  i 

that  it  is  produced  during  its  separation*    By  the  definition  Bftlsams  di- 
given  of  the  balsams,  it  is  obvious  that  they  may  exist  •either  J?**^^*^^ 
in  the  liquid  or  solid  form;  and  accordingly  Dr.  Thomson  a^id  bal- 
has  dividied  them  into  liquid  and  solid  balsams.  *^°^** 

3*  The  liquid  balsams  at  present  known  are  the  balsams  Ljquid  bal- 
of  Gilead  (opobalsamum),  of  copaiva,  of  Tolu,  of  Peru,  and  ••™»*'^ 
of  styrax.    These  substances  will  be  noticed  in  the  order 
in  which  they  have  been  named. 

[!•]  Balsam  of  Gf/«ra^.—- This  balsam  is  the  product  of  i.  BaiMm 
the  amyris   gileadensis,  a  tree  which  grows  in  Arabia.  It^^^'^®"**- 
is  held  in  high  estimation  by  the  Turks;  and  from  its  scarci- 
ty, and  the  difficulty  of  procuring  it  genuine,  very  little  is 
known  respecting  its  properties.  ' 

[2.]  BaUam  of  Cc^ofva*— This  balsam  is  obtained  by  in-  «•  Balaam 
cision  from  a  tree,  which  grows  in  South  America  and  the  ^  ®®P"^' 
XVest  Indies,  called  by  botanists  copaifera  officinalis*  It  is 
a  transparent  liquid,  of  a  yellow  colour,  possessing  an  agree- 
able smell  and  pungent  taste.  It  is  not  known  to  yield  ben- 
Zoic  acid;  hence  in  strict  propriety  it  ought  not  to  be  class- 
ed among  the  balsams* 

[3.]  Balsam  of  Toht. -^This  balsam  is  obtained  by  inci- 3.  Balsam 
sion  from  the  toluifera  baisamea,  a  tree  of  South  America**^  *°*"' 
It  occurs  in  commerce,  contained  in  small  gourd  shells.  It 
has  a  reddish-brown  colour,  and  a  thick  tenacious  consis- 
tence. When  exposed  to  the  air,  however,  it  becomes  hard 
and  brittle*  It  has  a  fragrant  smell.  When  distilled,  it 
yields  benzoic  acid* 

[4.]  Balsam  of  Peru.'-^ThiB  balsam  is  obtained  from  the  4.  Balsam 
moroxylon  peruifcrum,  a  tree  which  grows  in  South  Ame-  °^  ^^^^ 
rica,  by  boiling  the  twigs  in  water*    It  has  the  consistency^ 
of  honey*  It  possesses  a  brown  colour,  an  agreeable  smell 
and  an  acrid  taste* 

[5*]  Balsam  of  Styrax. — ^This  is  the  product  of  the  liquid-  5.  Balsam 
ambar  styraciflua,  a  tree  which  grows  in  Virginia,  Mexico,  ^^^^y**^' 
and  other  parts  of  North  America.  It  is  obtained  by  boil- 
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Fabt  n.  ing  the  bark  of  the  tree  in  salt  water  to  the  consistence  of 
Book  1L  bird-lime.  It  has  a  greenish  colour,  an  aromatic  taste,  and 
agreeable  smell.  When  treated  with  water,  benzoic  sicid  is 
dissolved.  It  is  completely  soluble  in  alcohol,  except  im- 
purities. 
The  •ond  4.  The  solid  balsams  are  benzoin,  storax,  and  dragon's 
balwros  blood.  They  will  be  noticed  in  the  following  paragraphs. 
1.  Benzoin.  [^']  Benzoin.''^This  balsam  is  obtained  by  incision  from 
the  styrax  benzoe,  a  tree  which  grows  in  Sumatra.  It  is  a 
britde  substance,  usually  in  the  form  of  yellowish-white 
tears  joined  together  by  a  brownish  matter,  but  sometimes 
of  a  brown  colour,  having  some  resemblance  to  common 
rosin.  It  has  very  little  taste,  but  an  agreeable  smell  when 
heated.  Cold  water  has  very  little  action  upon  it;  boiling 
water,  however,  dissolves  a  portion  of  benzoic  acid.  Alco- 
hol, by  the  assistance  of  heat,  effects  its  solution,  which  has 
a  deep  yellow  colour,  inclining  to  reddish-brown. 
s.  Storax.  [^* j  «^^&^^^«-^This  balsam  is  obtained  by  incision  from 
the  st3a*ax  officinalis,  a  tree  which  grows  in  the  Levant.  It 
also  grows  in  Italy  and  France,  but  the  heat  of  these  coun- 
tries is  not  sufficient  to  cause  the  plant  to  yield  the  balsam. 
It  is  obtained  from  the  tree  in  the  form  of  red  tears,  but 
occurs  in  commerce  in  large  masses,  which  are  brittle,  al- 
though soft  to  the  touch,  and  of  a  reddish-brown  co- 
lour. It  is  generally  mixed  with  a  quantity  of  sawdust. 
It  agrees  with  benzoin  in  constituents,  but  contains  a  smal- 
ler proportion  of  benzoic  acid. 
3.  Dragon's  [S.]  DragorCs  Blood.'^ Almost  all  the  dragon's  blood 
blood.  used  in  medicine  comes  from  the  East  Indies,  and  is  the 
produce  principally  of  the  calamus  draco.  It  is  also  furnish- 
ed by  the  pterocarpus  draco,  a  native  tree  of  South  Ame- 
rica, whence  it  was  formerly  frequently  exported  to  Spain. 
It  is  a  brittle,  tasteless,  inodorous  substance,  insoluble  in 
water,  but  almost  entirely  soluble  in  alcohol.  I'he  alcoholic 
solution  is  of  a  fine  deep  red  colour,  and  is  sometimes  used 
to  stain  marble.  It  is  fusible  and  combustible.  By  the  ac- 
tion of  nitric  acid,  it  is  converted  into  benzoic  acid  and 
artificial  tannin. 


SECTION  VIIL 

OF  GUM.RE81NS. 


Charaetert      1<  Th£  gum-resins  may  be  distinguished  by  the  follow- 

of^hc^gum-  jng  characters:  they  are  solid  and  usually  brittle  substances, 

of  a  fatty  appearance,  and  opaque  or  but  imperfectly  trans- 
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jMirent*  They  are  not  fusible  aa  the  resins  are,  neither  are    cmr.  t. 
they  so  combustible.    When  exposed  to  heat|  they  soften  - 

and  melt.  Ahnost  all  of  them  have  a  strong  smell,  and  an 
acrid  taste.  They  are  but  partially  soluble  in  water,  with 
which  they  form  a  permanent  mixture,  always  opaque,  and 
generally  of  a  milky  appearance.  They  form  with  alcohol, 
transparent  solutions,  which  are  rendered  turbid  by  the  ad- 
dition of  water.  The  strong  acids  convert  most  of  them  into 
tannin  and  charcoal.  They  are  usually  specifically  heavier 
than  the  resins.  They  have  been  considered  to  be  composed 
of  gum  and  resin;  but  all  their  properties  do  not  accord 
with  such  a  supposition.  They  all  contain  a  volatile  oil,  or 
a  substance  intermediate  in  properties  between  an  oil  and  a 
resin.  It  is  to  this  constituent  of  them,  that  their  property 
of  forming  an  opaque  solution  with  water  is  to  be  ascribed. 

The  best  known  of  the  gum-resins  are  the  following:         The  ohief 

[1.]  Gaibanum»'~'This  substance  is  the  milky  juice,  hard-  g""tt-«««» 
ened  by  exposure  to  the  air,  of  the  root  of  the  bubon  gal-  i.  Galba- 
banum,  a  native  plant  of  Africa.    It  is  brought  from  the  ^^^"^ 
Levant  in  pieces,  composed  of  tears  agglutinated  together, 
which  have  a  yellowish  or  white  colour.  It  has  an  acrid 
and  bitter  taste,  and  a  peculiar  smell.   It  forms  a  milky  so- 
lution with  water.  It  is  partially  soluble  in  alcohol. 

[2.]  ilmmoTiiac*— This  substance,  which  is  brought  from  8.  Ammo- 
the  £ast  Indies,  is  the  produce  of  an  unknown  plant.  It  is  ''^^ 
composed  of  small  pieces  agglutinated  together,  and  has  a 
yellowish- white  colour.  It  has  a  nauseous  sweet  taste,  mix- 
ed with  some  bitterness.  Its  smell  resembles  that  of  galba- 
num,  but  is  more  pleasant.  Part  of  it  is  soluble  in  water, 
with  which  it  forms  a  milky  solution.  More  than  half  its 
weight  dissolves  in  alcohol. 

[3.j  il/9f9.— -This  gum- resin  is  the  inspissated  juice  of  as.  Alois, 
variety  of  the  aloes  perfoliata,  a  plant  which  grows  in  the 
island  of  Socotora  in  the  East  Indies.  It  has  a  resinous  ap- 
pearance, a  reddish-yellow  colour,  a  bitter  taste,  and  an 
aromatic  smell.  It  has  been  found  by  Braconnot  to  contain 
.  a  peculiar  principle,  similar  to  that  which  was  detected  by 
Vauquelin  in  the  febrifuge  barks. 

[4.]  Oltbanum^^Frankincenae.)  This  gum-resin  is4  0liliii< 
brought  from  Arabia  and  India.  That  from  Arabia  is  most  ^^""^ 
esteemed.  It  remains  doubtful  what  plant  yields  this  sub- 
stance. It  is  brittle  and  semi-transparent,  has  a  whitish- 
yellow  colour,  and  an  acrid  and  aromatic  taste.  When 
burnt,  it  diffuses  an  agreeable  odour.  When  heated,  it 
melts  with  difficulty,  but  bums  with  brilliancy,  leaving 
some  white  ashes. 
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Paet  n.       [5.]  Sagapenum.*^lx  is  not  certainly  known  what  plant 
BopK  H.  ySei^ia  ^his  gum-rtsin*  The  substance  itself  is  brought  front 

5.  Sagspe-  Alexandria,  and  is  composed  of  tears  agglutinated  together* 
■^^^"^         It  has  a  yellow  colour,  a  hot  and  bitter  taste,  and  an  allia- 

ce6us  smell.  It  is  but  sparingly  soluble  in  water,  but  dis« 
solves  almost  entirely  in  alcohoL 

6.  AtnfoB.       [6.]  A8safattida,^Th\^  is  the  hardened  juice  of  the  root 
tida.  of  the  ferula  assafoUida^  a  native  plant  of  Persia.  It  occurs 

in  commerce,  in  the  form  of  small  grains  of  different  co- 
lours, as  whitish,  reddish,  violet  and  brown.  It  has  an 
acrid  and  bitter  taste,  and  a  strongly  alliaceous  and  fetid 
smell   It  is  in  part  soluble  both  in  water  and  in  alcohol. 

7.  Seam-         \7*'\  Scammony.^-^Vhx^  gum-resin  is  the  hardened  juh:e 
moDj.        of  i)ie  roots   of  the  convolvulus  scammonia,  a   climbing 

plant  of  Syria.  It  has  a  dark-grey  colour,  a  peculiar  and 
nauseous  smell,  and  an  acrid  and  bitter  taste.  It  forms 
with  water  a  greenish  opaque  solution*  The  greatest  part 
of  it  is  dissolved  bv  alcohol. 

8.  Opopo-       [8.]  Opoponax.^^TYoA  gum-resin  is  obtained  by  wounding 
^^*^'  the  roots  of  the  pastinaca  opoponax,  a  native  plant  of  the 

countries  surrounding  the  Levant.  It  is  in  lumps  of  a  red- 
dish-yellow colour  on  the  surface,  but  white  within.  It  has 
a  bitter  and  acrid  taste,  and  a  peculiar  siKell.  About  one 
half  of  it  dissolves  in  water,  with  which  it  fonas  a  milky 
solution.  It  is  acted  upon  but  feebly  by  alcohol. 

9.  Gam-  [9.]  Gam&0j^r.-— This  gum-resin  is  the  produce  of  the 
^'^^S^         atalagmitls  gambogioides,  a  tree  which  grows  wild  in  Siam 

and  Ceylon.  In  Siam,  it  is  obtained  by  wounding  the  shoots, 
but  in  Ceylon,  it  exudes  from  wouncU  in  the  bark.  It  is  in 
the  form  of  yellow  cakes,  which  are  opaque  and  brittle, 
and  break  with  a  vitreous  fractuife.  It  has  no  smell,  and 
very  little  taste*  It  forms  with  water  a  yellow  turbid  liquid. 
It  is  almost  completely  soluble  in  alcohol* 

10.  Myrrh.      [lO.]  Myrrh.'^lt  is  not  ascertained  what  plant  furnishes 

myrrh.  It  is,  however,  known  to  grow  in  Abyssinia  and 
Arabia.  It  is  in  the  form  of  tears,  of  a  reddish-yellow 
colour.  It  has  a  peculiar  smell,  and  an  aromatic  bitter 
taste.  It  forms  with  water  a  yellow  opaque  solution.  The 
alcoholic  solution  becomes  opaque  upon  the  addition  of 
water,  but  no  precipitate  subsides. 
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Chav.  r. 
SECTION  IX. 

OF  CAOUTCHOUC. 
(ComnoDly  etlledU  Jndian  JOubber.) 

1.  This  pecuKar  substance  first  came  into  notice  about  Ciuxitehoae 
Ac  beginning  of  the  last  century.  Some  account  o\'  it  was  JJ^^^^J^ 
sent,  in  1736^  to  the  French  academy  by  Condamine,^  one  yeni  trees 
of  the  academicians,  who  wt-nt  to  South  America  to  measure  of  South 

a  degree  of  the  meridian.  It  is  the  produce  principally  of    '"*^' 
two  trees  of  South  America;  the  hoevea  caoutchouc  and  the 
jatropha  elastica.   When  these  trees  arc  punctured,  they 
yield  a  milky  juice,  which,  by  exposure  to  the  air,  lets  fall 
a  concrete  substance.  This  substance  is  caoutchouc. 

2.  Caoutchouc  is  a  soft  and  pliable  substance,  destitute  lu  proper- 
of  taste  or  smell,  and  exceedingly  elastic  and  adhesive.  ^^ 
When  perfectly  pure,  it  is  white.  In  its  common  state,  it 

has  a  blackish  colour,  owing  to  the  manner  in  which  it  is 
dried.  This  consists  in  spreading  a  thin  layer  of  the  milky 
]uice  over  a  mould  formed  of  clay,  and  then  exposing  it  to 
the  action  of  smoke,  which  gives  it  a  thin  coating  of  soot. 
Another  layer  of  the  juice  is  then  applied  and  dried  in  the 
same  way,  and  so  on  for  any  number  of  layers,  until  the 
coat  has  the  requisite  thickness.  Caoutchouc  is  not  altered 
by  exposure  to  the  air.  It  is  perfectly  insoluble  in  water, 
but  if  boiled  for  some  time  in  this  liquid,  it  becomes  some- 
what transparent,  owing  to  the  abstraction  of  the  sooty 
matter,  and  so  soft,  as  that  two  pieces  when  pressed  together 
may  be  welded  into  one.  This  property,  which  it  possesses, 
enables  the  artist  to  form  tubes  of  it  with  facility;  for  if  a 
slip  of  it,  of  uniform  thickness,  be  wound  spirally  round  a 
glass  or  metallic  rod,  so  that  its  edges  touch  accurately, 
and  then  boiled  for  some  time  in  water,  the  whole  will  ag- 
glutinate so  as  to  form  a  tube. 

3.  Caoutchouc  is  insoluble  also  in  alcohol.  Ether,  how*  It  is  iasola- 
ever,  dissolves  it,  if  it  be  previously  subjected  to  washing;  ^J® ' ^ut^w- 
which  operation  seems  to  act  by  separating  a  portion  ofiubiein 
alcohol,  and  substituting  for  it  a  small  quantity  of  water.  ^^''' 
From  this  solution,  the  caoutchouc  may  be  obtained  by 
evaporation  unaltered;  and  hence,  by  taking  advantage  of 
this  menstruum,  it  may  be  formed  into  different  instru- 
ments.   For  common  purposes,  however,  this  solvent  is  too 
expensive  to  be  employed.  It  is  soluble,  without  alteration 
also,  in  rectified  petroleum.  In  volatile  oils  it  dissolves,  btit 
when  obtained  agair  by  evaporation  from  them,  it  is  alter- 
ed in  its  properties;  being  rendered  glutinous,  and  conse* 
quently  unfit  for  most  of  the  uses  to  which  it  is  applied. 
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Past  II.       4.  Dr.  Thomson  has  found,  contrary  to  what  was  formetljr 

^^*  ^'-  supposed,  that  caoutchouc  combines  with  some  of  the  alka- 

It  issoiubke  line  salifiahle  bases.  This  chemist  accidentally  discovered^ 

mon!"  TOt-  ^^^^^  making  some  experiments,  that  ammoniacal  Ras  was 

ash,  or  80-  absorbed^  when  contained  in  a  bottle  of  this  substance.   It 

^  was  at  the  same  time  ascertained,  that  if  the  caoutchouc 

was  allowed  to  absorb  successive  portions  of  the  gas,  it  lost 

its  elasticity,  and  became  soft  and  glutinous.   Dr.  Thomson 

afterwards  found,  that  both  potash  and  soda  dissolved  a 

small  portion  of  caoutchouc,  producing  the  same  chani^es. 

5.  Sulphuric  acid,  after  long  digestion,  chars  caoutchouc 
superficially,  but  there  is  no  trace  of  artificial  tannin  form- 
ed. When  treated  with  nitric  acid,  it  yields  azotic  gas, 
carbonic  acid  gas,  and  hydrocyanic  acid  gas.  Hydrochloric 
acid  has  no  action  upon  it. 

6.  When  exposed  to  heat,  it  readily  melts;  whereby  it  is 
changed  in  its  properties,  having  always  afterwards  the 
consistence  of  tar.  When  heated  sufficiently,  it  bums  with  a 
bright  flame  emitting  a  fetid  odour. 

Comtita-        ^*  Caoutchouc  is  composed  of  carbon,  hydrogen,  azote 
ents  of  ea-  and  oxy gen,  but  con^bined  in  what  proportion  is  not  known. 


FOURTH    SET. 

SUBSTA^rCES,  IJ^SOLUBLE  IJV  WATER,  ALCOHOL  OR 
ETHER,  AJ^D  BAYING  A  FIBROUS  TEXTURE, 

SECTION  I. 
OF  COTTON. 

CottM»  ob-  1*  Cotton  is  the  soft  down,  which  envelopes  the  seeds 
uined  from  of  various  plants,  especially  several  species  of  gossypium^ 
des  of  *^'  ^^  genus  which  furnishes  the  cotton  of  commerce.  Very 
plants.  little  is  known  respecting  the  chemical  nature  of  cotton, 
but  sufficient  has  been  ascertained  to  demonstrate  its  pecu- 
liar nature. 
Its  proper-  2*  Cotton  is  a  substance,  composed  of  very  fine  fibres, 
^>^  possessing  neither  taste  nor  smell.  It  is  somewhat  different 

in  its  colour,  according  to  the  variety  of  the  plant  from 
which  it  is  obtained,  but  is  capable  of  being  rendered  of  a 
beautiful  white  by  bleaching.  It  is  completely  insoluble  in 
water,  alcohol,  ether,  the  oils,  and  all  the  vegetable  acids. 
In  diluted  solutions  of  potash  or  of  soda,  it  is  insoluble; 
but  these  solutions,  when  concentrated  and  assisted  by  heat, 
dissolve  it.  It  is  capable  of  combining  with  oxide  of  iroq^ 
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and  oxide  of  tin,  when  dipped  into  solutions  of  these  me-   Cka^.i: 
tals.  It  combines  also  with  tannin,  when  immersed  in  an  in«  ' 

fusion  of  nut-galls,  or  other  astringent  vegeuble  substance* 
Hence  the  use  of  all  these  substances  in  dyeing. 

3,  Nitric  acid,  when  assisted  by  heat,  converts  cotton 
into  oxalic  acid.  Sulphuric  acid  developes  charcoal*  Chlo* 
rine,  if  not  too  much  concentrated,  bleaches  it* 


SECTION  II. 

OF  SUBER. 

1.  Common  cork,  the  outer  bark  of  the  quercus  suber.  Saber  or 
has  been  ascertained  to  possess  peculiar  chemical  proper- ^^'^^* 
ties,  and  suber  is  the  name  by  which  chemists  distinguish  it*  table  rob- 

2.  Suber  is  a  light,  soft,  elastic  substance,  which  bums  'tanee. 
with  a  bright  white  flame,  leaving  a  black  bulky  charcoal* 
When  distilled,  it  yields  ammonia*  By  the  action  of  sul- 
phuric acid,  it  is  converted  into  charcoal;  and  by  nitric  acid, 
into  suberic  acid,  a  substance  resembling  wax,  artificial 
tannin,  and  a  kind  of  starchy  matter* 


SECTION  III. 

OF  MBDULLIN. 

1.  Dr.  Johh  gives  this  name  to  the  pith  of  the  helianthus  Mcduiib^ 
annuus  (sun-flower),  of  the   cyringa  vulgaris,  and  some  {^^^''{f' 
other  plants.  It  is  found  to  be  a  peculiar  substance,  pos-  pitborseve- 
sessing  the  following  properties.  nk  plants. 

2*  It  is  inodorous  and  tasteless,  and  insoluble  in  water, 
ether,  alcohol,  and  the  oils.  It  has  a  peculiar  porous  struc* 
ture.  It  forms  oxalic  acid,  but  np  suberic  acid,  by  the  action 
of  nitric  acid.  By  distillation,  it  yields  ammonia,  and  the 
residuum  is  a  charcoal,  which  has  a  metallic  appearance  and 
some  resemblance  in  colour  to  bronzew 


SECTION  IV. 

OF  UGNIN. 


1.  If  the  vegetable  substance,  commonly  called  wood,  be  Lignto; 
well  dried,  end  then  digested  first  in  water,  and  afterwards  ^^c^'^^'i'^- 
in  alcohol,  until  every  thing  soluble  in  these  liquids  is 
taken  up,  what  remains  will  be  lignin  or  woody  fibre* 

3T 
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PiBT  If.      2.  It  18  composed  of  longitudinal  fibres,  somewhat  trans- 
^"*'  ^'  parent,  and  destitute  of  taste  or  smell*  It  is  insoluble  in 
lu  proper-  water  or  in  alcohoL  Solutions  of  potash  or  of  soda,  when 
^  assisted  by  heat,  decompose  it,   rendering  it  soft,   and 

changing  its  colour  to  a  deep  brown*  Weak  solutions  of 
the  same  alkaline  bases  dissolve  it,  and  it  may  be  thrown 
down  from  them  unaltered  by  means  of  an  acid.  When  ex- 
posed to  heat,  it  blackens  without  melting  or  frothing,  ex* 
hales  an  acrid  fume,  and  leaves  a  charcoal  exactly  the  shape 
of  the  lignin  employed*  When  distilled,  it  yields  an  acid 
liquor,  formerly  considered  peculiar  under  the  name  of  the 
pyrolignous  acid,  but  which  is  ascertained  by  Fourcroy  and 
Vauquelin  to  be  the  acetic  acid,  combined  with  emp)rreu- 
matic  oil.  By  means  of  some  substance,  which  Dr.  Thom- 
son considers  to  be  animal  charcoal,  the  empyreumatic  oil 
may  be  separated,  and  very  good  vinegar  obtained  from 
this  acid  liquor.  Vinegar  is  in  this  way  manuhctured  both 
in  Britain  and  France. 
Itajompo-  3.  According  to  Gay-Lussac  and  Thenard,  lignin  from 
the  oak  is  composed  of 

Oxygen  41  '78 

Carbon  52*55 

Hydrogen  5*69 

10(H)e 
4.  It  has  been  found,  that  the  lignin  of  all  the  vegetables 
yet  examined  is  very  nearly  the  same.  When  wood  is  burnt 
with  a  smothered  flame,  a  quantity  of  charcoal  is  formed, 
and  this  is  entirely  evolved  from  the  lignin.  Hence  then  the 
quantity  of  charcoal,  which  different  woods  yield,  will  indi- 
cate the  proportion  of  their  lignin. 


•itkMk. 


SECTION   V. 

OF  FUN6IN. 

Fongin,  ^        1.  Braconnot  has  given  this  name  to  the  substance, 
how  obtain.  ^}^;c||  remains  after  the  mushroom  has  been  deprived  of 

every  thing  soluble  either  in  water  or  alcohol. 
Ito  proper-  ^  2.  It  is  a  soft,  white,  insipid  substance,  possessing  but 
^^  little  elasticity.  It  is  insoluble  in  water,  alcohol,  ether,  and 

the  oils.  Solutions  of  potash  or  of  soda,  when  diluted,  have 
but  little  action  upon  it;  but  when  concentrated  and  assisted 
by  heat,  they  dissolve  it,  so  as  to  form  a  saponaceous  liquid, 
from  which  it  may  be  precipitated  again  by  acids. 
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Chaf.i; 

FIFTH  SET.  — — . 

SlTBSTA^rCES,  FOUJ^D  UST  PLATTTS,  WHICH  JBELO^^TG  HA- 
THEB  TO  THE  MJJVEJkAJ^  THAJ^C  VEGETABLE  KmODOM. 

SECTION  r. 

CHLORIDES  AS  FOREIGN  INGREDIENTS. 

The  chlorides  which  have  been  found  in  plants  are  the  Setena 
chlorides  of  potassium  ^muriate  of  potash),  of  sodium,  fcoro-  jWoridct 

1  N         J     /•  ^    •         ^         •  r  •   \    V^ui      nave  been 

xnon  salt),  and  of  magnesium  (muriate  ot  magnesia).  Chlo*  found  in 
ride  of  potassium  is  usually  a  constituent  in  vegetable  ashes.  pUnta. 
Chloride  of  sodium  is  present  in  all  plants,  which  vegetate 
on  the  sea  or  near  the  sea  shore.  Chloride  of  magnesium 
has  been  detected  in  some  of  the  fuci,  and  will  not  iroproba* 
bly  be  found  as  a  constituent  in  most  marine  plants* 


SECTION    IL 

ACIDS  AS  FOREIGN  INGREDIENTS. 

The  foreign  acids  found  in  plants  are  the  sulphuric,  ni*Littoffbc. 
trie,  carbonic  and  phosphoric  acids.  They  are  usually  com-  reign  aeidk 
bined  with  bases  in  the  form  of  salts.    United  with  lime,  p^^*^ 
sulphuric  acid  exists  in  clover.  Nitric  acid  has  been  found, 
combined  with  potash  in  the  sun-flower,  and  with  soda  in 
barley.  Carbonic  acid,  combined  with  potash,  is  found  in  the 
ashes  of  almost  all  vegetables.  Phosphoric  acid  exists  in  a 
free  state  in  the  onion;  it  is  present,  in  union  with  lime,  in 
all  kinds  of  grain,  and  combined  with  potash  in  barley. 


SECTION  III. 

SALIFIABLE  BASES  AS  FOREIGN  INGREDIENTS. 

The  salifiable  bases  heretofore  found  in  plants  are  potash,  salifiable 
doda,  lime^  magnesia,  alumina,  silica,  oxidized  iron,  and  bases  foand 
oxidized  manganese.  J^e*"*^ 

I.  Potash  is  a  constituent  of  almost  all  vegetables,  which  ^  potgah. 
grow  at  a  distance  from  the  sea.  Vauquelin  has  made  it  pro« 
bable,  that  it  exists  in  them  combined  either  with  acetic  or 
carbonic  acid.  It  is  obtained  by  burning  plants,  which  di&* 
sipates  every  thing  but  their  alkaline  and  earthy  constitu- 
ents. The  residuum  is  called  the  ashes,  from  which  the  pot- 
ash may  be  obtained  by  lixiviation;  it  being  soluble  while 
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Pavt  n.  the  other  bases  are  not.  It  may  be  obtained  from  some 
^^*-  "'  plants,  without  the  aid  of  incineration,  as  has  been  lately 
ascertained  by  Peschier  of  Geneva*  The  plan,  which  this 
chtrmist  pursues,  is  to  treat  the  expressed  jaice  or  decoc- 
tion  of  any  plant  with  magnesia.  This  salifiable  base  forms 
insoluble  salts  with  the  acids,  whether  free  or  in  a  state  of 
combination,  which  usually  occur  in  vegetables.  It  conse- 
quently happens,  in  common  cases,  that  the  magnesia  sepa- 
rates all  the  acids  present  in  these  liquids,  and  falls  in  the 
form  of  an  insoluble  powder.  By  this  mode  of  proceeding, 
Peschier  obtained  liquids,  having  all  the  properties  of  a  so* 
lution  of  carbonate  of  potash.  This  plan,  however,  will  not 
succeeds  in  case  the  potash  exists  in  the  state  of  nitrate  or 
of  sulphate;  as  neither  of  these  salts  are  decomposed  by 
magnesia.*^ 
TheaoM-  The  following  table  indicates  the  quantity  of  ashes  and 
*"ty  «•«*»«»  of  potash,  yielded  by  100  parts  of  several  plants. 

uhalrmsh-            „        .  ^^^'  V^AmOl 

ed  by  sere-  Fumitory 21*9..«    7*9 

bteJ***^"  Wormwood      ....    5      9*7  ...   7*3 

Common  netde      ....    10'6  •     .     .  2*5 
Beans  with  their  stalks    .     .     -.i^  .     •     .  2 
Stalks  of  turkey  wheat    •     •      6r8  •    •     .  1*75 

Oak 1*3  ..     •  0*15 

PopUr 1*2  ••     •  0*or 

Fir 0*34    •     •    — - 

By  the  above  table,  it  is  perceived  how  small  a  quantity^ 
per  cent,  different  plants  yield  of  ashes  and  of  potash.  The 
fumitory  yielded  neariy  8  per  cent,  of  potash,  while  the 
oak  afforded  only  1^  per  cent,  of  ashes,  and  one  and  a 
half  parts  only  in  the  1000  of  potash.  By  the  above  table 
also,  it  is  seen,  that  the  quantity  of  potash,  which  a  plant 
contains,  bears  no  certain  ratio  to  the  ashes  which  may  be 
formed  from  it  during  combustion;  and  this  arises  from  the 
circumstance,  that  the  ashes  contain  variable  quantities  of 
other  substances.  Besides  carbonate  of  potash,  (the  state  in 
which  potash  is  obtained  by  incineration  from  vegetables), 
there  exists  usually  in  them  the  following  compounds; 
namely,  sulphate  of  potash,  sulphate  of  lime,  phosphate  of 
lime,  and  chloride  of  potassium. 
8.  Soda.  II.  Soda  may  be  obtained  from  almost  all  the  plants 

which  grow  in  the  sea,  or  on  the  sea  shore;  and  it  is  frona 
different  species  of  the  cfalsola,  a  genus  of  plants  of  this  kind, 
that  a  large  proportion  of  the  soda  of  commerce  is  extract* 
ed.  Plants  which  yield  soda,  as  a  general  rule,  contain  a 
larger  proportional  quantity  of  this  alkaline  base,  than  other 

*  Aniiali  of  Philosophyy  zii.  936.   ^ 
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vegetables  do  of  potash.   Thus  the  sakola  soda  furnishes    Cbap.  l 
▼ery  nearly  20  per  cent,  of  ashes,  and  nearly  2  per  cent,  of 
soda. 

III.  Lime  is  contained  in  larger  or  smaller  quantity  in  3.  lime. 
every  plant,  which  has  hitherto  been  examined,  except  the 
salscla  soda.    It  has  ah-eady  be^i  stated,  that  it  exists  in 
them  frequently  combined  with  sulphuric  or  phosphoric 
acid. 

IV.  Magnesia  does  not  exist  so  generally  in  vegetables  as  4  Magne- 
lime.  It  has  been  discovered  in  several  sea  plants,  especially  ''"- 

the  fuel.  Vauquelin  found  that  the  salsola  soda  contains 
nearly  18  per  cent,  of  magnesia. 

V.  Alumina  has  been  found  in  plants  in  but  very  smalls.AiumiDa. 
quantities. 

VI.  Silica  exists  in  many  plants,   but   particularly  in6.SiUea. 
grasses  and  equisetums.  Sir  H.  Davy  has  ascertained,  that 

It  forms  a  part  of  the  outermost  bark  of  these  plants.  This 
chemist  found,  that  the  epidermis  of  the  bonnet  cane  yielded 
90  per  cent,  of  silica;  that  of  the  bamboo  71  per  cent.;  that 
of  the  common  reed  48  per  cent,  and  that  of  the  stalks  of 
com  6i  per  cent.  The  concretions  sometimes  found  in  the 
bamboo  cane,  and  called  tabasheer,  have  been  ascertained 
to  be  composed  of  silica,  sometimes  associated  with  potash. 

VII.  Oxidized  iron  has  been  found  in  considerable  quan-  7.  Oxidized 
titles  in  the  ashes  of  the  salsola  soda.    It  has  also  been  de-  ''^' 
tected  in  linen  and  cotton  cloths.    It  has  been  discovered  in 

many  other  vegetable  substances. 

VIII.  Oxidized  manganese  was  first  detected  in  vegeta-  8.  Oxidised 
bles  by  Scheele.  It  has  been  found  by  Proust  in  the  ashes  "a»ng""»- 
of  the  pine,  of  the  vine,  the  green  oak,  and  the  fig-tree. 

The  followitig  table  gives  the  quantity  in  grains  of  the 
six  last  mentioned  salifiable  bases  (the  lime  and  magnesia  in 
the  state  of  carbonates),  contained  in  thirty-two  ounces  of 
the  seeds  of  wheat,  of  rye,  of  barley,  of  oats,  and-  in  the 
same  quantity  of  rye  straw,  as  ascertained  by  the  experi- 
ments of  Schrceder. 


Ry« 

aylMtUMttlKVNBt. 

Wheat. 

ny. 

Bufaf; 

Oa«b 

Stmw. 

CftTbomteoflime. 

l£-6 

13-4 

948 

33-75 

46-8 

CarboDate  of  nugntrfa. 

13*4 

14'S 

85-3 

33^ 

88-8 

AlanuBa. 

•6 

1-4 

4*2 

4-5 

3-8 

Silica. 

la-s 

15.6 

ss-r 

144-8 

158 

OxicKzed  iroo. 

9-5 

•9 

3-8 

4*5 

8-4 

Oxidised  manganefle. 

50 

S^ 

6-7 

6*95 

6-8 

47-3 

48-7 

131-5 

887-8 

838*8 
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CHAPTER  11. 


OF  THE  ULTIMATE  CONSTITUENTS  OF  TEGBTABLES. 

Ultimate         Tbe  consideration  of  the  proximate  constituents  of  vegc^- 
ooutita-     tables  18  now  finished.  But  these  constituents  may  be  refer- 
BBUbii^''***  to  certain  ultimate  constituents,  or,  to  speak  more  cor- 
recdy,  to  substances  as  yet  undecompounded.    It  is  the  ob- 
ject of  the  present  chapter  to  notice  them. 

The  following  statement  gives  a  view  of  the  whole  of  the 
ultimate  constituents  of  vegetables,  and  the  states  of  com- 
bination in  which  they  occur. 

1.  OXYGEN.  iBTuioiMftatcioroomliintitM. 


8UPP0R* 
TERS, 


2.  CHLORINE. 


IODINE. 


^P^V^S  I.  AZOTE. 
TIBLES.     f^ 


rCombined  with  Potannm,  SoAam 
^  Mcl  MagnrAim,  fanniag  ehlop 
^     rides. 

CComhiDcd  with  Hydroseo,  in  the 
\    form  of  hjrdriodk  a(Bi£ 

In  ▼trioni  itatet  of  oomhiiialioe. 


\ 


COMBUSTI- 
BLES. 


r  1.  HYDROGEN. 
S.  CARBON. 

3.  PHOSPHORUS. 

4.  SULPHUR. 

5.  POTASSIUM. 

6.  SODIU^L 

7.  CALCIUM. 

8.  MAGNESIUM. 

9.  ALUMINUM. 
10.  SIUCUM. 

It.  IRON. 

IS.  MANGANESE. 


\ 


In  varioai  states  of  eombinstioD. 

In  ▼arioQs  states  of  combination. 

Combined  with  Oxjgeo, 
phosphorie  acid. 

C  Combined  with  Ozyfeiiy  forming 
\     sulpharie  aeid. 

C  Combined    with    Oxygen  forming 

<  potash,  and  with  CJhlorine  form- 
(_    mg  chloride  of  potassinm. 

C  Combined  with   Oxygen  ftnsiag 

<  8ocla»  and  with  Chlorine  fiurming 
f_    chloride  of  sodiam  (common  salt} 

Combined  with  Oxygen,  fonniog 
lime. 

C  Combined  with   OxTgen   forming 

<  magnesia,  and  with  Chlorine  form- 
/     ing  chloride  of  magnesiam. 

Combined  with  Oxygen,  fomixig 
alamina. 


{ 


Combined  with  Oxygen,  formiitt 

siUea. 


{ 

C  Combioed  with  Oxygen,  forming 
^     oxidized  iron. 

Combined  with  OxygeUf  fonmng 
oxidized  manganesOh 


{ 
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These  ultimate  constituents  occur  in  very  different  quan-  Cbaf.  n. 
tities  in  plants.  The  great  bulk  of  them  is  composed  of  one  The  great 
supporter,  oxygen,  and  two  combustibles,  hydrogen  and  car- *»>ik  of  ▼©. 
bon.  In  some  vegetable  substances,  azote  is  associated  with  Mmpaled 
the  three  substances  already  named;  and  where  it  is  present,  of  azygeD, 
it  occurs  next  in  amount  to  them.   The  remaining  ultimate  ||^d  Mffbcnr 
constituents,  comprising  two  supporters  and  ten  combusti- 
bles,  occur  in  comparatively  very  small  quantities. 


r 
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BOOK  III- 


ANIMAL  CHEMISTRY. 

Part  II.       Tsis  portion  of  the  subject  will  be  treated  of  in  five 
Book  III.  ^}^j|pters.    Chapter  I  will  embrace  the  consideration  of  the 
^"'"^irT  constituents  of  animals,  as  far  as  they  have  been  discover- 
trated^  ed  by  the  researches  of  chemists*    Chapter  II  will  have  for 
in  fire        its  tide  the  analysis  of  animal  substances,  and  will  give  in 
c   pten.    jg^^jj  ^jjg  composition  of  the  organized  parts,  and  the  pro- 
ducts of  the  human  body.    In  Chapter  III,  reflecuons  will 
be  entered  into  upon  the  chemical  constitution  of  the  human 
body.    In  Chapter  IV,  those  animal  functions  which  are 
elucidated  by  chemistry  will  be  briefly  noticed.   In  Chap- 
ter V,  the  chemical  changes  which  tsike  place  in  animals 
after  death  will  be  described. 


CHAPTER  I. 

OP  ANIMAL  CONSTrrtJENTS. 

Proximate       The  proximate  constituents  of  animals  may  be  arranged 
eoortitu-     under  the  following  heads: 

enti  of  uu-  ^ 

nulls  ena-              i.  Gelatin.  9.  Saediarine  matters. 

mented.               S.  Albamen.  10.  Canthaiidin. 

3.  Fibrin.  11.  Cooheoilin. 

4.  Coloarirg  matter  of  the  blood.     19.  Oils. 

5.  Maens.  13  Itesios. 

6.  Osmasome.  14.  Compoand  sabttanoes,  alreadj  de« 

7.  Ploromel.  leribed  b  the  first  part  of  this  work, 
S.  Urea.  as  animal  oonstitaents. 

All  the  substances,  included  in  the  above  enumeration^ 
except  cantharidin,  cochenilin  and  the  resins^  are  consti- 
tuents of  the  human  body.  They  will  be  noticed  in  the  or- 
der in  which  they  have  been  named,  in  the  following  sec- 
tions. 

SECTION  I. 

OF  GELATIN. 


Gelatin  ex-  1*  Gelatin  forms  an  essential  constituent  in  bone,  liga- 
^loseTe-ment,  tendon,  membrane,  and  in  several  other  parts  of  ani- 
snbvumoes.  °uds«  It  exists  in  great  abundance  in  the  bide  of  the  ox, 
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from  which  it  may  be  extracted  by  the  following  process.  Chap,  i. 
Take  a  portion  of  the  hide,  and,  after  having  separated  the^         T" 
hair  and  other  impurities,  wash  it  with  cold  water,  until  extracUnr 
this  liquid  ceases  to  abstract  am  thing.  Then  boil  it  in  wa-  K/"^  ^ 
ter  for  some  time,  and  evaporate  the  decoction,  until  reduced  ^.^  °     ^ 
to  a  small  quantity*  The  concentrated  decoction,  upon  cool- 
ing, assumes  a  solid  form  and  a  tremulous  consistency,  and 
is  the  same  with  the  animal  jelly,  used  sometimes  as  food. 
It  is  called  by  chemists  gelatin.  If  the  tremulous  gelatin  be 
evaporated  to  dryness  by  exposure  to  air,  it  becomes  hard 
and  semitransparent,  and  breaks  with  the  glassy  fracture. 
In  this  state,  it  is  called  dry  gelatin,  and  is  the  same  sub- 
stance, which  is  so  frequently  employed  in  the  arts  under 
the  name  of  glue. 

2.  When  perfectly  pure,  gelatin  is  colourless.  It  is  desti-  ProperBct 
tute  of  taste  or  smell.  In  the  dry  form,  it  does  not  dissolve  ^8®**^* 
readily,  but  swells  and  forms  a  soft  mass;  but  in  the  tremu- 
lous state,  it  is  completely  soluble,  if  mixed  and  shaken  with 
water  soon  after  it  has  gelatinized.  It  is  soluble  in  hot 
water,  and  forms  an  opal-coloured  solution.  When  made  by 
dissolving  one  part  of  gelatin  in  one  hundred  parts  of  hot 
water,  the  solution  assumes  the  tremulous  form,  upon 
cooling. 

3.  Dry  gelatin  undergoes  no  change  by  exposure  to  theEfTeeUof 
atmosphere;  but  tremulous  gelatin,  or  gelatin  in  solution,  ^^«  •^o}^ 
very  soon  undergoes  the  putrefactive  process.    When  in  a 

dry  state,  if  it  be  exposed  to  heat,  it  first  whitens  and 
curls  up  like  horn,  then  blackens,  and  is  gradually  converted 
into  charcoal.  Tremulous  gelatin,  under  similar  circumstan-  • 
ces,  first  melts,  and  afterwards  becomes  black. 

4.  When  nitric  acid  is  digested  upon  gelatin,  it  is  partly 
dissolved,  and  partly  converted  into  oxalic  and  malic  acids, 
and  an  oily  matter  which  appears  on  the  surface  of  the  liquid. 
Hydrochloric  (muriatic)  acid  dissolves  it  readily,  and  forms 
a  brown-coloured  acid  solution,  which  gradually  lets  fall  a 
white  powder.  With  sulphuric  acid,  it  forms  a  brown  solu- 
tion, which  gradually  deepens  in  colour. 

5.  Solutions  of  potash  or  soda  dissolve  gelatin  readily. 
The  compounds  formed  do  not  possess  the  properties  of  soap. 

6.  Gelatin  is  insoluble  in  alcohol;  and  when  this  liquid  is 
added  to  a  solution  of  gelatin,  the  latter  becomes  milky. 
When  tannin  is  dropped  into  a  solution  of  gelatin,  it  throws  Forroia 
down  a  copious  white  precipitate,  consisting  of  tannin  and  P'^'P"*'* 
gelatin,' which  forms  an  elastic  adhesive  mass.  This  preci- 
pitate soon  dries  in  the  open  air,  whereby  it  becomes  con- 
verted into  a  brittle,  resinous-like  substance,  insoluble  in 
water,  capable  of  resisting  the  greater  number  of  chemical 

3U 
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PAKTit  agents,  incapable  of  putrefaction,  and  possessing,  in  short, 
Book  111  ^jj  ^jjg  properties  of  overtanned  leather.  It  is  on.  account  of 
this  propeity  of  tannin,  that  it  is  usually  employed  to  detect 
Tannin       ^^^  presence  of  gelatin  in  animal  liquids.  It  must  be  borne 
throws       in  mind,  however,  that  tannin  throws  down  albumen  also  in 
roeoMw^u^*^  form  of  a  white  precipitate;  and  hence  this  substance  Js 
M  gelatin,   not  a  decisive  test  of  gelatin.    To  prevent  all  fallacy  in  as* 
certaining  the  presence  of  gelatin,  an  animal  liquid  should 
be  first  tested  by  means  of  perchloride  of  mercury  (corro- 
sive sublimate),  which  will  separate  albumen,  if  any  be  pre- 
sent* 
Oompori-        ^*  According  to  an  analysis  by  Gay-Lusaac  and  Thenard, 
tion  of  geia*  gelatin  is  composed  of 
*^"-  Carbon  47-881 

Oxygen  27*207  • 

Hydrogen  7*9 14 

Azote  16-998 

lOO'OOO 
Gioe,  aise        8*  Gelatin,  with  some  variety  of  properties,  is  used  in  the 
anditin-      arts  Under  the  several  names  of  glue,  size  and  isinglass. 

!&mnt  Ta-  '^^^  ^'^^  ^^  K^^^  ^^^  ^^T  ^^^^  known*  It  is  manufactured  from 
rieties  of  the  parings  of  hides,  and  from  the  hoofs  and  ears  of  horses, 
geiaiin.  oxen  and  other  domestic  animals,  by  boiling  them  in  water, 
and  evaporating  the  solution  formed  to  a  proper  consistency. 
Size  is  a  purer  kind  of  glue,  manufactured  from  eel  skins, 
parchment,  some  kinds  of  white  leather,  the  skins  of  horses, 
cats,  rabbits,  &c.  It  is  employed  in  the  manufacture  of  pa- 
per, and  in  several  other  arts.  Isinglass  is  very  nearly  pure 
gelatin.  It  is  prepared,  almost  exclusively  in  kussia,  from 
the  air-bladders  of  different  species  of  fish  of  the  genus  acci- 
penser.  This  kind  of  gelatin  is  employed  in  clarifying  spi- 
rituous liquors,  in  stiffening  silk,  and  for  other  purposes. 


SECTION  II. 

OF  ALBUMEN. 

AilMimeD^       1.  The  peculiar  substance,  found  in  the  eggs  of  fowls,  and 
Jj^jpw«iiar  called  the  7uhite  of  the  egg,  is  very  nearly  pure  albumen, 
called  the'       2.  Albumen,  when  exposed  to  heat,  assumes  the  solid 
vhlte  of  the  form,  and  is  said  to  be  coagulated.    Coagulated  albumen  is 
^^  very  distinct  in  its  properties  from  uncoagulated  albumen, 

and  will  be  noticed  separately. 
Prapertiet       3.  Uncoagulated  albumen  is  a  glairy  liquid,  having  very 
UiS*3ff' '*'^*^^  taste  and  no  smell.  It  is  readily  soluble  in  water;  and 
men.         the  solution  changes  vegetable  blues  to  green,  in  conse- 
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quence  of  the  presence  of  $oda.  When  exposed  to  the  tern-  c»ap.  l. 
perature  of  165*^»  it  is  converted  into  coagulated  albumen.  •—"— ^ 
The  same  eflPect  is  produced  by  acids  or  alcohol.  When  ex* 
posed  to  the  air  for  spontaneous  evaporation,  or  to  a  low 
heat,  it  is  converted  into  a  britde,  transparent  substance, 
having  sonie  resemblance  to  glass,  which  may  be  again 
dissolved  in  water,  so  as  to  form  a  glairy  liquid  as  at 
first.  When  uncoagulated  albumen  is  diluted  with  a  large 
quantity  of  water,  for  example,  ten  times  its  weight,  it  is  no 
longer  coagulable  by  heat;  though  acids  are  still  capable  of 
producing  its  coagulation*  When  diluted  with  a  still  larger 
quantity  of  water,  even  acids  lose  their  coagulating  power. 
The  same  is  the  case  with  dried  uncoagulated  albumen: 
when  dissolved,  in  this  state,  in  nine  parts  of  water,  it  is 
completely  coagulable  by  heat;  but  when  distolved  in  thir- 
teen parts  of  water,  an  imperfect  coagulation  only  takes 
place  by  the  same  means,  and  the  liquid  admits  of  being 
poured  from  one  vessel  to  another. 

4.  During  coagulation,  albumen  neither  gains  nor  loses  Its  eotguU- 
any  principle,  nor  alters  in  the  least  in  its  specific  gravity.  ^^J^J^ 
It,  therefore,  becomes  a  difficult  point  to  ascertain  upon  yet  explain- 
what  its  coagulability  depends.  It  is,  however,  most  proba-  ^' 

ble,  that  the  coagulating  cause  gives  a  new  play  to  chemical 
affinities,  so  that  the  constituents  of  the  albumen  assume 
new  states  of  combination. 

5.  Uncoagulated  albumen,  unless  dried,  very  soon  un- 
dergoes putrefaction;  and  this  the  more  readily,  the  more  it 
is  diluted.  Its  smell,  during  putrefaction,  is  like  that  of  pus. 

6.  Dr.  Bostock  has  ascertained,  that  a  saturated  solution  Pei«hloridc 
of  perchloride  of  mercury  (corrosive  sublimate)  is  a  n*o*^f^^IJ*[ca 
delicate  test  of  the  presence  of  albumen.  A  liquid,  contain*  fora^- 
ing  not  more  than  r^^  P^^  ^^  ^^  weight  of  albumen,  is  ^*^ 
rendered  sensibly  milky  by  the  addition  of  a  drop  of  this 
chloride.   Tannin  also  has  the  property  of  precipitating  al- 
bumen. It  falls,  in  combination  with  the  albumen,  in  the 

form  of  a  very  copious  yellow  precipitate,  having  the  con- 
sistence of  pitch,  and  which,  when  dried,  becomes  brittle  and 
resembles  overtanned  leather.  Tannin,  however,  is  a  much 
less  delicate  test  of  albumen  than  of  gelatin. 

7.  Coagulated  albumen  4s  a  tough  substance,  having  a  Coagiiiatcd 
pearl-white  colour,  and  a  sweetish,  mucilaginous  taste.    I^^'^'^fL 
is  insoluble  in  water,  and  is  much  less  susceptible  of  putre- 
faction or  decomposition  than  when  in  the  uncoagulated 

state.  When  dried  at  a  heat  of  213^,  it  is  converted  into  a 
hard,  brittle,  yellow  substance,  semitransparent  like  horn. 
From  this  dried  state,  it  may  be  brought  back  to  that  of 
newly  coagulated  albumen,  by  digestion  for  several  hours  in 
water. 
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Part  n.       8.  Coagulated  albumen,  by  being  steeped  in  diluted  nitric 
Book  IH.  acid  for  some  ^ime,  is  converted,  as  Hatchett  has  ascertain- 
Conreited  ed,  into  a  substance,  soluble  in  water  and  possessing  the 
into  gelatin  distinguishing  properties  of  gelatin. 

tiofl^nU        ^*  Coagulated  aibumen  is  readily  soluble  in  a  boiling  so- 
txM  aoid.     lution  of  potash;  ammonia  becomes  disengaged,  and  an  ani- 
mal soap  is  formed. 
Compofti-        10.  According  to  an  analysis  by  Gay-Lussac  and  The- 
tbnofaibu-ii^rd,  albumen  is  composed  of 

Carbon  52*883 

Oxygen  S3*&r2 

Hydrogen  7'540 

Azote  15*705 

100<XX) 
11.  It  deserves  to  be  mentioned,  that,  besides  these  con- 
stituentSf  Berzelius  considers  sulphur,  phosphorus,  calcium 
and  magnesium  to  be  essential  component  parts  in  albumen. 
The  first  of  them,  sulphur,  is  a  never-failing  attendant  upon 
albumen,  wherever  it  may  be  found.  This  circumstance 
would  seem  to  prove  this  combustible  to  be  an  essential 
constituent  in  it;  but  how  far  the  same  is  true  with  regard 
to  phosphorus,  calcium,  and  magnesium  remuns  yet  to  be 
satisfactorily  shown. 


SECTION  III. 

OF  FIBRIN. 

Filiriiiyhow     1.  If  the  clot,  which  forms  in  blood  soon  after  it  is  drawn 
fi^^u^  from  an  animal,  be  put  into  a  linen  cloth,  and  washed  re- 
'  peatedly  with  water,  until  it  ceases  to  give  colour  or  taste  to 
this  liquid,  what  remains  behind  will  consist  of  fibrin.  This 
substance  was  formerly  called  the  fibrous  part  of  the  blood. 
It  is  found  to  exist  abundantly  in  the  muscular  structure  of 
animals,  from  which  it  may  be  obtained  by  repeated  boilings 
in  water. 
Its  proper-      2.  Fibrin  is  a  solid  substance,  having  a  white  colour, 
^^*  which  deepens  upon  drying,  and  no  taste  or  smell.  When 

newly  extracted  from  blood,  it  is  soft  and  elastic,  and  re- 
sembles vegetable  gluten.  That  which  is  extracted  from 
muscle  is  brittle,  and  possesses  some  degree  of  transparency. 
It  is  not  altered  by  exposure  to  air,  or  speedily  so  by  being 
kept  under  water.  It  is  insoluble  in  cold  water.  In  boiling 
water,  it  curls  up;  and,  after  the  boiling  has  continued  for 
some  time,  a  kind  of  milky  solution  is  formed,  precipi- 
table  by  infusion  of  nut-galls  in  white  flocks,  which  do  not 
cohere  as  those  produced  in  a  solution  of  gelatin  do. 
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3.  Both  alcohol  and  ether  dissolve  fibrin,  but  not  without  CgA>.  L 
altering  its  properties.  When  it  is  obtained  again  by  eva-  D^KiTet 
poration  from  these  solutions,  it  is  in  the  state  of  a  fatty  aiooiioi  and 
mass,  having  a  strong  and  unpleasant  smell.  dtrnJon^ 

4.  In  solutions  of  pure  potash  or  soda,  fibrin  swells,  and 
becomes  transparent  and  gelatinous.  At  last  a  complete  so- 
lution is  effected,  having  a  yellow  colour  with  a  shade  of 
green*  This  solution  has  no  analogy  to  soap,  but  the  fibrin 
has  undergone  some  alteration  in  its  properties.  It  is  preci- 
pitated by  acids  and  by  alcohol. 

5.  When   exposed  to   heat,   fibrin   contracts   suddenly,  Eflbeii  of 
moves  like  a  piece  of  horn,  and  exhales  the  odour  of  bum-  ^^^' 
ing  feathers.  When  the  heat  is  increased  to  a  certain  tem- 
perature, it  melts. 

6.  According  to  an  analysis  by  Gay-Lussac  and  Thenard,  Compou- 
fibrin  is  composed  of  ^^' 

Carbon  53*360 

Oxygen  19*685 

Hydrogen  7021 

Azote  19*934 

100-000 


SECTION  IV. 

OP  THE  COLOURING  MATTER  OP  THE  BLOOD. 

1.  This  peculiar  animal  substance  may  be  obtained  incdoarine 
the  following  manner:  Mix  one  part  of  the  clot  of  blood,  as  rj^^^'i^ 
completely  freed  from  serum  as  possible,  with  four  parts  of  obuiaed. 
sulphuric  acid,  diluted  with  eight  parts  of  water.  Keep  the 
mixture  at  the  temperature  of  158®  for  five  or  six  hours^ 

and  then  filter  it  while  hot,  washing  the  residue  with  four 
parts  of  hot  water.  Evaporate  the  liquid,  thus  obtained,  to 
one-half,  and  then  add  ammonia,  until  the  acid  is  almost, 
but  not  completely,  saturated.  A  precipitate  appears,  which, 
after  being  washed  and  dried,  is  the  colouring  matter  of 
the  blood. 

2.  Leuenhoeck,  by  microscopical  observations,  ascertained  Aecomit  of 
the  existence  of  globules  of  a  red  colour,  floating  in  the  **•  ^••<^«- 
blood;  and  his  statements  were  confirmed  by  subsequent  ob- 
servers.   The  red   globules  were,  accordingly,  considered 

to  be  the  colouring  matter  of  the  blood,  but  nothing  was 
known  of  their  chemical  nature.  In  1797,  Dr.  Wells  pub- 
lished a  paper,  in  which  he  attempted  to  prove,  that  the 
colouring  matter  of  the  blood  is  a  peculiar  animal  sub- 
tance*  This  opinion,  however,  was  not  acceded  to;  as  it 
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appeared  to  be  proved  by  Fourcroy  and  Vauquelin,  that 
the  red  colour  of  the  blood  was  owing  to  the  presence  of 
a  aubphoaphate  of  iron*  This  continued  to  be  the  prevail- 
ing opinion,  until  Brande  published  his  chemical  researches 
on  the  blood  in  1813;  in  which  he  proved  experimen- 
tally, that  the  colouring  matter  of  the  blood  is  a  peculiar 
animal  substance.  It  appears,  however,  that  the  results  of 
Brande  had  been  anticipated  by  Berzelius,  in  a  work  pub- 
lished in  1808  in  the  Swedish  language,  but  which  was 
not  known  in  England  at  the  time  Brande  wrote. 

d«  The  colouring  matter  of  the  blood  is  destitute  of 
taste  or  smell.  When  dry,  its  colour  is  black.  It  is  not  so- 
luble in  cold  water,  but  when  suspended  in  this  liquid,  it 
has  a  wine-red  colour.  Boiling  water  produces  the  same 
eflPects  upon  it,  as  upon  fibrin.  It  is  soluble  in  all  the  acids, 
tried  by  Vauquelin  and  Brande.  It  dissolves  in  diluted  ni- 
tric acid  without  any  change  in  colour.  Solutions  of  potash 
or  soda  dissolve  it  and  form  purple  liquids.  When  exposed 
to  heat,  it  neither  alters  its  form  nor  colour;  but  gives  out 
an  animal  odour,  and  yields  carbonate  of  ammonia  and  a 
purple  oil,  the  residue  being  a  bulky  charcoal.  The  great 
bulk  of  this  animal  constituent  is  considered  to  be  composed 
of  some  modification  of  fibrin.  When  incinerated,  it  leaves 
^th  of  its  weight  of  ashes,  which  are  composed,  according 
to  Berzelius,  of 

Oxidized  iron  50-0 

Subphosphate  of  iron  *  7*5 

Phosphate  of  lime  with  traces  of  magnesia       6-0 
Pure  lime  20*0 

Carbonic  acid  and  loss  16*5 

lOO-O 
4.  Berzelius  calculates,  that  the  colouring  matter  of  the 
blood  contains  about  3^th  of  its  weight  of  oxidized  iron. 
This  chemist  considers,  that  the  substances,  indicated  in 
his  analysis,  do  not  exist  in  the  colouring  matter,  but  are 
formed  during  its  incineration.  He  supposes  the  radicals 
only  to  be  present;  namely,  iron,  phosphorus,  calcium,  and 
magnesium. 


SECTION  V. 

OF  MUCUS. 

Aninud  1.  Animal  mucus  must  not  be  confounded  with  die  ve« 

^nb^'  8*^«Wc  subsunce  of  the  same  name.  The  former,  however, 

has  several  properties  in  common  with  die  latter.  Accord- 


MUCUS— OSMAZOMl^PICROMBL.  *  $27 

ing  to  Dr.  Boatock,  it  may  be  obtained,  by  solution  and  fit-  Obap.  I. 
tration,  from  the  white  matter,  formed  by  evaporating  sa*  vegeubie 
liva.  This  chemist  also  obtained  it,  by  macerating  an  oyster  nia«us. 
in  water,  and  evaporating  the  liquid  formed.  When  thus 
prepared,  it  has  the  following  properties. 

3.  It  agrees  with  gum  arable  in  appearance,  taste,  sola-  lu  proper- 
bility,  and  in  the  property  which  it  possesses  of  forming*^"* 
with  water  an  adhesive  solution.  After  evaporation  to  dry* 
ness,  it  is  transpart^nt  and  inelastic,  and  resembles  gum:  it  is 
DOW  insoluble  in  water,  but  readily  so  in  all  the  acids,  even 
when  much  diluted.  It  is  insoluble  in  alcohol  or  ether.  It 
does  not  coagulate  by  heat,  or  gelatinize  by  evaporation. 
It  is  not  precipitated  by  perchloride  of  mercury  (corrosive 
sublimate),  or  the  infusion  of  nut-galls;  but  subacetate  of  lead 
occasions  a  copious  white  precipitate. 


SECTION  VI. 

OF  OSMAZOME.* 

1.  This  substance  may  be  obtained  by  the  following  pro-  Oimm« 
cess:  Macerate  small  fragments  of  beef,  in  water,  for  sevc-  "P^.^'J'^^ 
ral  hours,  and  repeat  the  maceration  several  times  with  fresh    ^^"^ 
quantities  of  water.   The  liquid,  thus  obtained,  holds,  in 
solution,  albumen^  the  salts  of  the  beef,  and  osmazome.  Se- 
parate the  albumen  by  coagulating  it  by  heat,  and  treat  the 
residue,  evaporated  to  the  consistence  of  a  syrup,  with  alco* 

hoi;  this  liquid  takes  up  the  osmazome,  and  leaves  the  salts 
behind. 

2.  This  substance  was  first  pointed  out  by  Rouelle.  The 
name,  by  which  it  is  here  distinguished,  was  applied  to  it 
by  Thenard.  Dr.  Thomson  thinks  it  not  improbable,  that  it 
is  fibrin,  somewhat  altered  in  its  properties. 

I    3.  Osmazome  is  a  brownish-ytUow  substance,  having  the  lu  proper- 
taste  and  smell  of  broth.  It  is  soluble  both  in  water  and  al«  ^^< 
cohol.    Its  aqueous  solution  is  precipitated  by  infusion  of 
nut-galls,  by  nitrate  of  mercury,  and  by  acetate  and  nitrate 
•f  lead. 


SECTION  VII. 

OP  PlCROMEUt 

1.  Thenabd  has  given  this  name  to  the  peculiar  sub- Pioromei, 
stance  which  characterizes  bile.    It  may  be  obtained  by  the  ^^ 

*  From  taiui  tmellf  and  t^ftfuc  broth,    t  from  rixfo^  bitter^  and  fwa  honey. 
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Pabt  II.   following  process:  Mix  fresh  bile  with  sulphuric  acid,  dUu- 
BookITL  ted  with  tl&ree  or  four  times  its  weight  of  water*    The  yel- 
low precipitate,  which  thereby  appears,  must  be  allowed  to 
sulfide,  and  then  separated.    Next  heat  the  mixture  gently 
for  some  hours,  and  then  decant  the  liquid  part:  a  green 
matter  will  remain,  formerly  called  resin  of  bile,  but  at  pre- 
sent ascertained  to  be  a  compound  of  the  peculiar  substance, 
under  notice  in  the  present  section,  and  sulphuric  acid. 
Digest  this  matter  with  carbonate  of  barytes  and  water*  Aa 
insoluble  sulphate  of  barytes  will  be  formed;  and  the  picro- 
mel,  liberated  from  combination,  will  be  found  dissolved  in 
the  water*  It  may  be  obtained  from  its  aqueous  solution  by 
evaporation  to  dryness, 
lu  proper-     2*  Picromel  resembles  inspissated  bile  very  exacdy*    It 
^^  has  a  yeUowish-gfeen  colour,  and  an  intensely  bitter  taste^ 

which  leaves  an  impression  of  sweetness*  It  is  soluble  vol 
water  and  alcohol*  It  dissolves  in  ether  also,  but  not  with- 
out alteration  in  its  properties.  It  is  not  precipitated  by  the 
infusion  of  nut-galls,  but  is  thrown  down  by  nitrate  of  mer- 
cury, subacetate  of  lead,  and  the  salts  of  oxidized  iron* 


SECTION  VIII. 

OF  GBBA. 

Vre^  hew  1.  Urea  may  be  obtained  by  the  following  process: 
obtuned.  Evaporate  any  quantity  of  human  urine,  by  a  gentle  heat,  to 
the  consistence  of  a  syrup,  and  set  it  aside  to  cool:  it  will 
be  found  concreted  into  a  crystalline  mass*  Pour  upon  this 
mass,  at  several  intervals,  four  times  its  weight  of  alcohol, 
and  apply  a  gentle  heat:  this  menstruum  will  leave  nothing, 
but  some  saline  substances*  Distil  the  alcoholic  solution, 
'  thus  obtained,  in  a  retort,  until  it  assumes  the  consistence 
of  syrup;  at  which  time,  the  whole  of  the  alcohol  will  have 
been  driven  over*  The  syrupy  mass,  upon  cooling,  takes  the 
form  of  crystals*  These  crystals  consist  of  urea. 

2*  This  substance  was  first  examined,  in  1773,  by  Rou- 
elle,  junior,  under  the  name  of  the  saponaceous  extract  of 
urine*  In  1799,  a  full  investigation  of  its  nature  was  made 
by  Fourcroy  and  Vauquelin,  by  whom  the  name  urea  was 
given* 
ici  proper-  3.  Urea  is  a  crystallized  substance,  usually  of  a  yellowish- 
^'  white  colour;  but,  when  pure,  semitransparent  and  white* 

It  has  a  fetid  smell,  somewhat  similar  to  that  of  garlic*  Its 
taste  is  acrid,  resembling  that«pf  the  ammoniacal  salts.  It 
is  viscid  and  difficult  to  cut,  and  has  somewhat  the  appear- 


ince  of  thick  hmey.  By  ezpoeure  to  air,  it  attracCB  inois*  C«j>.  i. 
turc,  and  is  soon  converted  into  a  thick  brown  liquid.   It  ** 

is  very  soluble  in  water,  and  during  its  solution  a  considem^* 
ble  deme  of  cold  is  produced.  It  dissolves  also  readily  in 
alcolioT,  but  not  in  so  large  a  proportion  as  in  water.  The 
aqueous  solution,  when  left  to  itself,  gradually  putrefies,  and 
the  urea  appears  to  be  converted  into  ammonia  and  acetic 
acid.  When  distilled,  it  exhales  a  very  fetid  alliaceous 
odour,  and  yields  carbonate  of  ammonia,  bihydroguret  of 
carbon,  charcoal,  benzoic  acid,  chloride  of  sodium,  and  hy- 
drochlorate  of  ammonia;*  but  the  three  last  products  are 
considered  by  Fourcroy  and  Vauquelin  to  be  foreign  sub- 
stances. 

4.  When  nitric  acid  is  poured  upon  crystallized  urea,  a  Aetkn  of 
Violent  effervescence  takes  place,  large  quantities  of  deu- "'^"*  ••*** 
toxide  of  azote,  carbonic  acid,  and  azote  are  evolved,  and^^ 
the  mixture  assumes  a  dark  red  colour.  After  the  action  is 

over,  there  remains,  together  with  some  drops  of  reddish 
liquid,  a  white  concrete  matter,  which,  when  heated,  deto- 
nates like  nitrate  of  ammonia.    When,  however,  nitric  acid 
is  dropped  into  a  concentrated  solution  of  urea  in  water, 
there  immediately  fall  a  number  of  bright  pearl-coloured 
crystals,  which  are  found  to  consist  of  nitric  acid  and  urea. 
No  other  acid  tried  produces  this  singular  effect  upon  urea. 
When  a  solution  of  urea  is  mixed  with  one-fourth  of  itsof  ■oiphtt' 
weight  df  sulphuric  acid,  no  effervescence  ensues;  but  when"®  *^* 
heat  is  applied,  there  appears,  on  the  surface  of  the  liquid, 
a  quantity  of  oil,  which  concretes  upon  cooling.  The  other  and  cf  hy 
products  of  the  action  of  this  acid  are  acetic  acid  and  am-^^^^"^ 
monia.  Hydrochloric  acid  dissolves  urea  without  alteration. 

5.  Urea  dissolves  readily  in  solutions  of  potash  or  of 
soda,  and  ammonia  becomes  evolved.  The  same  evolution 
is  produced  by  barytes,  lime,  or  even  magnesia.  The  am- 
monia is  derived  from  hydrochlorate  of  ammonia,  with 
which  urea  is  constantly  mixed. 

6.  According  to  an  analysis  by  Dr.  Prout,  urea  is  com- Its  mna^ 
posed  of  "^• 

Azote  14-«one  atom. 

Carbon  6— one  atom. 

Hydrogen  2— -two  atoms. 

Oxygen  8— one  atom.t 

30 

*  It  mar  be  worth  while  to  remark,  that  the  prodiieu  of  the  distillate  of  ai«a 
ftre  a  sood  deal  similar  to  those  furnished  by  urie  acid,  under  like  circamstanoes, 

f  This  analysis  is  taken  from  an  SHbridgment  af  Dr.  Front's  ptper  on  tha 
proumate  pnndples  of  the  urioc.  Aonals  of  Fhitosopbfy  zi.  S5S. 

3X 
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PastIL      It  coDseqaeody  appears,  that  urea  diSkn  fron  uric  add* 
Boi>K  HI.  jj  cootauning  an  atom  less  of  carbon,  and  an  atom  more  of 

hydrogen;  and  from  porponc  add,  in  cooiaining  an  atooa 

less  of  both  carbon  and  oxygen* 


SECTION  IX. 

OP  SACCHARIHB  MATTER. 

Micipat        Three  kinds  of  saccharine  matter  of  animal  origin  may 
^llj^lllJ'^be  enumerated;  namely^  sugar  of  milk,  honey,  and  the  su- 


gar of  diabetic  urine*  These  substances  will  be  briefly  no- 
ticed in  the  order  in  which  they  have  been  named. 
L  8iipr  of  I*  Sugar  of  milk  may  be  obtained  by  the  following  pro- 
B>U^;  cess:  Evaporate  fresh  whey  to  the  consistence  of  hooey, 
and,  after  it  has  concreted  into  a  solid  mass  by  cooling, 
dissolve  it  in  cold  water,  and  clarify  the  solution  by  means 
of  the  white  of  eggs:  then  filter  it,  and  evaporate  it  to  the 
consistence  of  a  syrup*  This  syrup,  upon  cooling,  depositcs 
a  number  of  brilliant  white  crystals.  These  crystals  consist 
of  the  substance  in  question* 

Sugar  of  milk  is  in  the  form  of  semi-transparent  crystals, 
having  a  whitish  colour  and  a  sweetish  taste,  but  no  smeUL 
Its  specific  gravity  is  1*5*  It  is  soluble  in  five  times  its 
weight  of  cold  water,  and  in  two  and  a  half  times  its  weight 
of  boiling  water.  It  is  insoluble  both  in  alcohol  and  ether* 
When  exposed  to  heat,  it  emits  the  smell  of  burning  sugar. 
When  distilled,  it  yields  very  nearly  the  same- products  as 
sugar.  When  treated  by  nitric  acid,  it^  is  converted  into 
saclactic  acid.  According  to  Gay-Lussac  and  Thenard,  it 
is  composed  of 

Oxygen  53*834 

Carbon  38-825 

Hydrogen  7*341 

10(HXX> 

8.  Honqr;        II.  Houey  is,  perhaps,  rather  of  vegetable  than  of  anl- 

^'^  mal  origin.  It  has  a  yellowish  colour,  a  soft  and  grained 

consistence,  a  saccharine  taste,  and  an  aromatic  smelL  It  is 

converted  into  oxalic  acid  by  the  action  of  nitric  acid.  It  is 

very  soluble  in  water,  with  which  it  forms  a  syrup. 

s.8a^0r      m*  The  sugar,  which  may  be  extracted  from  the  urine 

dkbetie      of  persons  labouring  under  diabetes,  possesses  properties 

'^'        analogous  to  those  of  common  sugar.  When  treated  with 

nitric  acid,  it  yields,  like  common  sugar,  a  portion  of  oxalic 

acid.  No  saclactic  acid  is  formed. 
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CflJLr.  I. 

SECTION  X.  — 

OF  CANTUARIDiN. 

1.  Dr.  Thomson  gives  this  name  to  the  substance,  disco*  Canthari-  . 
vered  in  1810  by  Robiquet,  in  which  the  vesicating  proper-  ^^"Jj^^o- 
ty  of  cantharides  resides.    It  is  obtained  from  the  Spanish  prineipie  of 
flics  by  digesting  them,  successively,  in  water,  alcoh( J,  and  «ftntl»ridei. 
sulphuric  ether.    It  is  in  the  form  of  shining  crystalline 
plates,  insoluble  in  water  and  in  cold  alcohol,  but  soluble  in 
boiling  alcohol,  which  lets  it  fall  upon  cooling.  It  is  soluble 
also  in  ether  and  in  the  oils.    When  applied  to  the  skin,  it 
acts  with  great  energy  as  a  vesicatory. 


SECTION  XI. 

OF  COCHENIUN. 

1.  CocHENEAL  IS  Well  known  as  an  insect^  iVhich  inhabits  Coeheniiin^ 
different  species  of  cactus,  and  is  propagated  in  Mexico  ^  *^*'^' 
and  in  some  other  countries,  for  the  sake  of  the  beautiful  '^Mehe- 
dye,  which  it  affords.  It  constitutes  the  scarlet  dye  of  cloth.  ^^^ 
Dr.  John  has  succeeded  in  separating  the  colouring  matter 
of  this  insect,  to  which  he  has  given  the  name  of  cochenilin. 
It  has  a  fine  carmine-red  colour.  It  is  permanent  in  a  dry 
air,  but  becomes  glutinous  in  a  moist  one.    It  is  soluble  in 
acids,  and  in  pure  potash  or  soda. 


SECTION  XII. 

OF  OILS. 

1.  Oils  are  noticed  in  this  place,  in  order  that  the  enu- Oil  enters 
meration  of  animal  substances  may  be  complete.  The  rea-  ^''^^ 
der  will  no  doubt  recollect,  that  the  oils  in  general  were  dies, 
treated  of  pretty  fully  in  a  previous  part  of  this  work.  It 
wotild,  therefore,  be  a  needless  repetition  to  enter  upon 

their  consideration  in  this  place.  It  may  not,  however,  be 
without  its  use  to  give  some  account  of  the  animal  oil  of 
Dippel. 

2.  This  oil  is  obtained  by  distilling  the  gelatinous  and  al- 
buminous parts  of  animals.  The  product  of  the  first  distil- 
lation'is  redistilled,  mixed  with  water;  and  the  oil  which 
first  comes  over  is  the  animal  oil  in  question.  It  is  a  colour- 
less and  transparent  liquid,  possessing  a  strong  and  rather 
aromatic  smell.  It  is  nearly  as  light)  and  quite  as  volatile 
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Fi^RTII.  aa  ether*  It  is  partially  soluble  in  water.  It  changes  vege« 
Book  ill,  table  blues  to  greeoi  owing^  as  js  supposed,  to  the  presence 
of  ammonia.  It  dissolves  in  acids,  and  forms  a  kind  of  im- 
perfect soap.  It  was  formerly  held  in  high  estimation  as  & 
remedy  for  fevers,  bat  it  is  a  long  time  sioce  it  haa  lost  its 
4:elebrity. 


Prifi«ipal 
sninial  re* 
■lot  are 


1.  Amber* 
grii: 


a.  Bee« 

glue: 


S.  Civet: 


iiCMtor: 
•nd 


SECTION  XIII. 

OF  ANIHAL  RESINS. 

Several  substances  of  an  animal  origiut  which  partake 
of  the  nature  of  resins,  have  been  classed  together  under 
the  name  of  animal  resins.  The  principal  of  them  will  be 
briefly  noticed  in  the  following  paragraphs. 

I.  Amberg'ris.^^This  substance  is  found  floating  in  the 
sea,  near  the  coasts  of  tropical  countries,  especially  of  India, 
Africa,  and  Brazil.  It  has  been  supposed  to  be  of  vegetable 
origin;  but  it  is  now  generally  believed,  that  it  is  a  concre- 
tion formed  in  the  stomach  and  intestines  of  the  pbyseter 
macrocephalus,  or  spermaceti  whale*  It  is  a  soft  subsl^ance 
of  an  ash<»grry  colour,  with  brownish,  yellow,  and  white 
streaks,  gnd  of  a  specific  gravity,  varying  from  Of8  to  0*9S* 
It  has  an  agreeable  smell,  and  an  insipiid  taste*  It  is  com- 
posied  principally  of  resin,  and  a  matter  with  properties  in- 
termediate .to  those  of  fat  and  wax,  mixed  with  benzoic  acid 
and  charcoal. 

II.  Propolis  or  Bee-glue. — ^This  is  the  substance,  which 
bees  employ  to  cover  the  bottom  of  a  hive,  when  newly 
placed  in  it.  It  is  not  altogether  certain,  that  it  is  an  ani- 
mal substance.  It  is  at  first  soft  and  ductile,  but,  by  expo- 
sure to  air,  becomes  hard.  In  masses  it  appears  black, 
but  in  thin  pieces,  semi-transparent.  It  has  no  taste,  but 
possesses  an  aromatic  odour.  It  was  ascertained  by  Vau- 
quelin  to  be  composed  principally  of  resin  and  wax. 

III.  CfOtf/.-— This  substance  is  obtained  from  the  ingui- 
nal region  of  the  civet  cat.  It  is  a  yellow  substance  of  the 
consistence  of  butter.  It  is  employed  as  a  perfume  only,  for 
which  purpose  it  requires  that  its  odour,  which  is  very 
strongs  should  be  greatly  diluted.  It  has  not  been  analyzed 
by  any  chemist;  but  it  may,  without  impropriety,  be  classed 
among  the  animal  resins,  until  its  nature  is  better  known. 

IV.  f^vtor.— This  substance  is  contained  in  two  bags,  m 
large  and  a  small  one,  situated  in  die  inguinal  regions  of 
the  beaver.  It  is  the  larger  bag  on  each  side,  which  con- 
tains the  true  castor;  the  smaller  one  contains  a  substance 
fesembling  it,  but  mush  loss  esteemed.  Castor  has  a  yellow 
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colour,  and,  when  newly  taken  from  ihe  animai,  it  neiirly  CvapJ. 
liquid*  By  expoaure  to  air,  it  hardens,  becomes  dark-co-     ^ 
loured,  and  aasumea  the  appearanire  of  a  resin.    Its  taste  is 
acrid  and  bitter,  and  its  smell  strong  and  aromatic.  When 
used  as  a  medicine,  it  ai:ts  as  a  stimulaung  antispasmodicy 
encreasing  the  heat  of  the  body  in  a  alight  degree  only. 

V.  ilfiai.«-This  is  a  secretion,  which  is  deposited  in  as..Mi«dc 
kind  of  bag,  situated  in  the  umbilical  region  of  the  mos- 
chus  moachiferus,  or  musk  deer,  an  animal,  which  inhabits 
the  more  elevated  regions  of  Asia,  particularly  the  moun- 
tains which  divide  Thibet  from  China.  It  has  a  brownish* 
red  colour,  a  bitter  taste,  an  intensely  strong  and  aromatic 
smell,  and  an  unctuoA  feel.  It  is  partially  soluble  in  water, 
to  which  it  imparts  its  odour;  and  also  in  alcohol,  but  this 
liquid  retains  none  of  the  odour*  It  is  dissolved,  and  ren- 
dered inodorous,  by  sulphuric  or  nitric  acid.  As  a  medi- 
cine, it  acts  as  a  very  j)oweFful  stimulating  anuspasmodic. 


SECTION  XIV. 

OF  COMPOUND  SUBSTA^CBS,  UESCBIBED  IN  THE  FIRST  PART 
OF  THIS  YfOBK,  AS  ANIMAL  CONSTITUENTS. 

These  substances  are  either  I.  Chlorides;    II.  Acids;  Componad 
III.  Salifiable  Bases.  SS^*** 

I.  Ckiorides,'''^ln  a  large  proportton  of  the  liquids  of  the  dcMriM, 
Imman  body,  and  .in  some  of  the  solids,  chloride  of  sodium  MniStii. 
(common  aak)  is  detected  upon  analysis.  Chloride  of  potas-  ents,  are 
atum  (muriate  of  potash)  is  present  also  in  acveral  animal  |' ehio- 

HUbsta^es.  rides: 

'II.  Acids.^-^Thsrc  have  been  discovered,  in  the  analysis  2.  A><^<:^ 
of  the  human  body,  the  following  acids;  namely,  the  hydro- 
chloric, sulphuric,  carbonic^  phosphoric,  uric,  oxalic,  and 
lactic.  The  four  first  named  are  acids  x>f  two  constituents; 
the  sixth  and  seventh  are  composed  of  oxygen,  hydrogen, 
and  carbon,  and  the  fifth,  of  the  same  ingredients,  with  the 
addition  of  azote.  The  uric  and  lactic  acids  are  peculiar  to 
animal  matter.  Hydrochloric  acid  is  found  in  urine  com- 
bined with  ammonia.  Sulphuric  acid  is  a  constant  ingredi- 
ent in  human  'Urio4S*  Carbonic  acid  is  a  constituent  in  seve- 
ral parts  of  the  human  body.  Phosphoric  acid  is  the  most 
abundant  acid  in  ma9,  as  weU  as  in  other  animals.  Com- 
bined with  lime,  it  constitutes  the  basis  of  bone.  It  consti- 
tutes also  a  component  part  of  almost  all  the  solids  and 
liquids  of  the  body.  The  uric  acid  is  found  exclusively  in 
urine  and  urinary  calculi.  Oxalic  acid  has  been  found  as  a 
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PaktIL  constitiieDt  in  a  species  of  urinary  calculi,  to  be  noticed 
^^*^^^'  hereafter.  Besides  these  acids,  which  have  been  detected  in 
the  dtiFerent  parts  of  the  human  system,  the  benzoic  acid 
has  been  found  abundandy  in  the  urine  of  cows,  and  the 
formic,  acetic  and  malic  acids  have  been  extracted  from  the 
red  ant,  the  first  as  peculiar  to  this  insect* 
3.  Salifiable  III.  Salifiable  Boses.^^Thc  stiih^ble  bases,  found  in  the 
BaMfc  constitution  of  the  human  body,  are  ammonia,  potash,  soda, 
lime,  magnesia,  silica,  oxidized  iron,  and  oxidized  manga* 
nese*  Ammonia  exists  ready  formed  in  human  urine,  and  is 
produced  abundantly  by  the  putrefaction  of  animal  substan- 
ces. Potash  exists  in  a  few  of  the  liquids  of  the  body.  Soda 
is  present  in  almost  all  parts  of  the  hmnan  structure*  Lime 
exists  abundandy  in  bones,  combined  with  phosphoric  acid. 
Magnesia  has  been  detected  in  human  urine,  combined  with 
phosphoric  acid  and  ammonia.  Silica  has  been  detected  in 
small  quantities  in  hair.  Oxidized  iron  has  been  found  as  a 
constituent  of  blood,  and  oxidized  manganese  as  a  consti* 
tuent  of  hair. 


CHAPTER  II. 

ANALYSIS  OF  THE  SUBSTANCES  COMPOSDfG  THE  HUMAN 

BODY. 

Animal  mb*  All  the  substances,  composing  the  human  body,  may  be 
{l^^itfer.  arranged  under  the  general  heads  of  1.  Organized  parts,  2. 
ed  ttoder  Products  of  vital  action.  But  the  products  of  viud  action 
L  <h«ni-^  may  be  either  natural  or  healthy,  or  morbid;  and  it  will  be 
TCd  paita.  convenient  to  describe  them  separately,  according  as  they 
pi^oeti!^  may  be  the  one  or  the  other.  Animal  substances,  tnerefore^ 
9.  Morind  will  be  noticed  Under  the  following  heads: 
vroAwu.  I.  Organized  Parts. 

II.  Healthy  Products. 
III.  Morbid  Products. 


L  ORGJJ>riZED  TARTS. 
Organized       The  substances  included  under  this  head  are, 

merged  1.  Rooe.  «   C  Membrane,  Tendon,  7  7.  Brain  and  Ner?e. 

S.Nail.  ^*  t  ligament  fc  Cartilage.  5  8.  Marrow. 

9.  MuMle.  C.     Gland.  9.  Hair. 
4.  Skin. 

They  will  be  noticed,  in  the  order  in  which  they  have 
been  enumerated,  in  the  following  sections* 
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cbap.  ir. 
SECTION  L  

OF  BONE. 

i.  The  external  appearances  of  bone  are  too  well  known 
to  require  description.  Its  internal  structure  is  more  or  Uss 
cellular.    Its  weight  is  somewhat  various,  but  is  at  least 
twice  that  of  water*  Its  component  parts  by  chemical  analy-  BmeeoD- 
sis  arc  chiefly  four;  namely,  an  incombustible  part,  fat,  g*^^*"  IJUJi^^ 
tin  and  albumen.  eoottiia- , 

2.  The  incombustible  part  may  be  obtained  by  burning  V^^  . 
the  bone  to  whiteness,  or  by  steeping  it,  for  a  sufficient  time,  eomboitible 
in  a  diluted  acid.  In  the  first  case,  the  fat,  gelatin  and  albu-  V*^ 
men  are  burnt  ofl^;  in  the  second,  the  incombustible  part 
dissolves  in  the  acid  liquor,  from  which  it  may  be  thrown 

down  by  proper  precipitants. 

3.  The  fatty  part  may  be  obtained  from  bone  by  boilings  p,^. 
it,  reduced  to  small  pieces,  in  water.  The  fat  will  be  found  mAtt«r. 
swimming  on  the  surface. 

4.  The  gelatin  is  obtained  by  boiling  the  bone,  for  a  suf-  9.  GeUtiu. 
ficient  time,  in  water,  by  which  means  it  is  dissolved.    If 

the  solution  be  sufficiently  concentrated,  as  it^ cools  the  ge- 
latin assumes  the  solid  form*  It  is  this  constituent  which 
renders  bone  fit  for  the  formation  of  portable  soup,  the  ba- 
sis of  which  is  gelatin.  Bone  contains  about  ^th  part  of  its 
weight  of  gelatin. 

5.  When  bone  is  deprived  by  boiling  of  its  fatty  and  ge-  4.  An  aiba- 
latinous  parts,  and  of  its  incombustible  part  by  the  action  minoat 

of  a  diluted  acid;  a  soft,  white,  elastic  substance  remains,  J|||||!^^^\Jf 
which  has  the  figure  of  the  original  bone,  and  which  appears  bone, 
to  be  the  same  substance,  found  tipping  the  ends  of  bones, 
and  called  by  anatomists  cartilage.  Chemically  examined, 
it  is  foimd  to  possess  all  the  properties  of  coagulated  al- 
bumen. 

6.  The  incombustible  part  of  human  bone,  according  to  PHndpai 
Berzelius,  is  composed  of  oomtitneat 

Phosphate  of  lime  8 1  -9  S^liSble 

Hydrofluate  (fluate)  of  lime        3*0  pwi  of  hu- 

Phosphate  of  magnesia  1*1  ofUne^ 

Soda  2*0 

Carbonic  acid  2*0 

100*0 

7.  The  substances  given  in  this  analysis,  together  with 
gelatin,  albumen  and  a  portion  of  fat,  which  three  constitu- 
ents form  thirty-seven  parts  in  every  hundred  of  fresh 
bonci  make  up  the  proximate  constituents  pf  human  bone. 
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Past  n.  They  may  be  all  referred  to  the  fdlowtng  ultimate  constitu- 

Book  m.  ging.  namely,  oxygea,  fluorine,  azote«  hydrogen,  carbon^ 

phosphorus,  sodium,  calciomi  and  magnesium.  Of  these, 

oxygen,  carbon,  phosphorus  and  calcium  are  the  principal 

ingredients* 

Teeth  we       S*  Teeth  are  composed  of  bone,  which  is  somewhat  dif- 

boDe,co-     ferent  from  common  bone.    That  portion  of  them,  which 

IpeoJw    pro^i^<lc>  beyond  the  gum,  is  covered  with  a  peculiar  hard 

■Bbtuaee^   matter,  denominated  enamel*    Enamel  is  destitute  of  albu- 

JJH^****  minous  and  gelatinous  parts.  When  subjected  to  the  action 

of  diluted  acids,  it  is  totally  dissolved.  According  to  Pepys, 

one  hundred  parts  of  enamel  are  composed  of 

Phosphate  of  lime  78 

Carbonate  of  lime  6 

Loss  and  water  16 

100 
Bj^o^qI  9.  Berzelius  has  detected  about  three  per  cent,  of  hydr^ 

oQotainibTwfluate  (fiuate)  of  lime  in  recent  teeth,  as  wcU  as  in  bone* 
droAaate  of  Xeedi  differ  from  common  bone,  in  comahking  more  phos- 
phate of  lime  and  less  cartilaginoas  albomen. 
Bone  of  in-  1^  The  bonet  of  the  inferior  animab  agree  in  composi* 
ferior||||i-  tion  widi  those  of  man.  Ox  bone  yielded  to  Berzelius, 
mioaiiy  Sie  ^P^^  analysis,  all  the  constituents  of  human  bone,  with  the 
tameu  ha-  additioiial  Ode,  in  small  proportion,  of  chloride  of  sodium 
..._.  (common  salt.)  Phosphate  of  magnesia  exists  in  the  hemes 
of  inferior  animals  in  largier  proportion  than  in  homan  booe. 


SECTION  II. 

OP  HAIL. 

K«i  it  t         t.  The  human  nail  is  the  well  known  covering  of  the  ends 

^U^^^  of  the  fingers  and  toes.   This  substance  has  been  found  by 

tSm^.     *  Hatchett  to  be  chiefly  composed  of  a  membranous  subsunce, 

which  has  the  properties  of  coagulated  albumen.  It  appears 

to  contain  ako  a  small  quantity  of  phosphate  of  lime. 

2.  The  horns  and  hoofs  of  inferior  animals  are  the  same 
in  chemical  nature  with  the  human  nail;  except,  indeed,  the 
horn  of  the  buck  and  hart,  which  agrees  exactly  in  properties 
with  bone,  and  which,  therefore,  may  be  considered  as  im- 
properly denominated  horn.  Tortoise*sheIl  approaches  veiy 
nearly  to  nail  in  its  chemical  nature. 


SECTION  III. 

OPMUSeisB. 

MoMie  de-     1*  McsoLA  is  the  sobstaiice,  whitfa,  in  common  language, 
*«>*>^-      is  called  flesh.    It  is  composed  of  a  number  of  fibres  or 
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threads,  generally  of  a  reddish  colour.   It  is  not  easy  to  sc-   Chap,  tt 
parate  the  muscular  pan,  properly  so  called,  from  other 
{substances,  with  which  it  is  mixed.    These  are  a  portion  of 
fat,  a  quantity  of  blood  which  pervades  its  whole  substance, 
and  cellular  membrane  which  envelopes  each  fibre; 

2.  When  muscle  is  cut  into  small  pieces  and  washed  re-  ADalyaU  of 
peatedly  with  water,  it  is  converted  into  a  white,  fibrous  JJJJJ^j^'^. 
ttubstance,  having  the  characteristic  properties  of  fibrin.  The  duoted. 
water,  obtained  from  it,  appears  as  if  a  portion  of  blood  had 

been  mixed  with  it;  and,  when  heated,  flakes  of  albumen^ 
combined  with  the  colouring  matter  of  the  blood,  appear  bii 
Us  surface,  and  some  fibrin  precipitates.  After  being  suffi- 
ciently concentrated,  the  whole  gelatinizes.  When  in  this 
state,  if  it  be  evaporated  to  dryness  and  treated  with  alco- 
hol, a  peculiar  matter  is  taken  up,  while  the  gelatin  and 
some  ammonio-phosphate  of  soda  remain  behind.  This  mat- 
ter had  been  considered  to  be  a  kind  of  extractive  by 
Thouvenel;  but  Berzelius  appears  to  have  proved  it  to  con- 
sist of  lactic  acid  and  lactate  of  soda.  If  muscle,  after  being 
treated  with  cold  water,  be  boiled,  it  yields  an  additional 
portion  of  the  substances  already  mentioned* 

3.  Hence  it  would  appear,  that  muscle  is  composed  of  lu eonstita- 
fibrin,  to  which  it  owes  its  form  and  fibrous  texture,  united  ^^' 
with  albumen  mixed  with  the  colouring  matter  of  the  blood, 
gelatin,  extractive,  and  ammonio-phosphate  of  soda* 

4*  Berzelius  gives  the  following  result  of  an  analysis  of  lueompo- 
muscle:  "'i^V*  •^- 

V^   e   1-  J  •    eordiog  to 

I.  Solid  matters*  Berzeuus. 

Fibrin,  vessels  and  nerves  15*8 

Cellular  matter  dissolved  by  boiling  I'D 


17.7 


2-20 


II*  Liquid  bodies* 

Chloride  of  sodium  f  muriate  of  soda),  i    .  .g^ 

and  lactate  of  soda  J 

Albumen  and  colouring  matter  of  the  ^ 

blood  J 

Phosphate  of  soda  0-90 

Extractive  0*15 

Albumen,  holding  in  solution  phos-1 

phate  of  lime  j 

Water  and  loss  77*17 


0«08 


82-30 

100<IO 
5h  Berzelius's  analysis  of  muscle  differs,  in  many  respects, 
from  that  deduced  from  the  acuon  of  water  and  alcohol 

3  Y 
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P411T IL  upon  the  same  substance.   It  agrees  with  this  anatysis,  ia 
BookIII.  giving  fibrin,  albumen  and  colouring  matter,  and  phosphate 
of  soda;  while  the  lacute  of  soda  of  Berzelius's  anal}'8is 
may  be  taken  as  equivalent  to  the  extractive  of  the  other. 
On  the  other  hand,  it  disagrees  in  giving  chloride  of  sodium 
(muriate  of  soda),  extractive  and  phosphate  of  lime  as  addi- 
tional constituents,  and  in  omitting  gelatin* 
Motcles  of     6.  The  account,  here  given,  of  the  chemical  constitation 
animftisydif-of  musclc  is  to  be  considered  as  deduced  from  the  exami- 
•entlbicr     nation  of  the  muscular  flesh  of  the  ox*  Althouffh  the  mus- 
qaaiiUet      cular  fibres  of  different  animals  differ  very  much  in  colour, 
2^^®     and  in  uste  when  used  as  articles  of  food;  yet  there  is  no 
reason  to  suppose,  that  they  would  afford  any  chemical  dif- 
ferences by  analysis,  unless,  indeed,  in  the  proportions  of 
their  constituents*    It  is  for  these  reasons,  that  the  above 
account  of  the  muscle  of  the  ox  will  apply  with  sufficient 
accuracy  to  the  muscular  parts  of  man* 
Ultimtte         ^*  From  the  analysis  of  Berzelius,  just  given,  it  would 
MDttitQ.     appear,  that  the  ultimate  constituents  of  muscle  are  oxygen, 
qle^enumcT  chlorine,  azote,  hydrogen,  carbon,  phosphorus,  sodium,  and 
rated.        calcium.  Of  these,   oxygen,  azote,  hydrogen  and  carbon 
occur   in   much   the   largest  proportion.   The   remaining 
substances  occur  in  small  proportion,  and  may,  perhaps,  be 
considered   as  accidental  constituents*  In  the  above  eno- 
meration,  the  ultimate  constituents  of  the  colourinjg  mat- 
ter of  the  blood  are  excluded,  as  belonging  to  a  foreign 
ingredient. 


SECTION  IV* 

OF  THE  SKIN. 

Thetkin,  !•  Th£  human  skin  is  composed  of  three  laminc;  the 
composed  cuticle  OT  epidermis,  the  cutis  vera  or  true  skin,  and  a  pul- 
tnuTskin',  P7  lan^io^  between  these,  called  the  rete  mucosum,  or  mu- 
and  mucooi  cous  network* 

network.  2.  The  cuticle  or  epidermis  is  the  exterior  lamina  of  die 
1.  CuUele.  skin,  and  is  that  portion  of  it,  which  is  raised  in  Misters*  It 
is  easily  separated  from  the  true  skin  by  maceration  in  hoc 
water.  It  is  thin  and  semi-transparent,  and  possesses  a  very 
great  degree  of  elasticity*  It  is  totally  insoluble  in  water  or 
in  alcohol,  but  dissolves  in  solutions  of  pure  potash  or  so- 
da, and  of  lime;  but  slowly  in  solutions  of  the  latter  sub- 
stance* It  is  not  acted  upon  sensibly  by  sulphuric  or  hydro- 
chloric acid;  but  nitric  acid  causes  it  to  lose  its  elasticity 
and  i«ll  to  pieces*  This  latter  acid  has  the  property  of  ting- 
ing the  living  cuticle  of  aft  indelible  yellow  cotowr*   The 
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same  effect  is  produced  upon  the  dead  cuticle  by  the  action  Ctur.  n. 
of  this   acid,  but  it  requires  a  much  longer  time.   The  . 
cuticle,  when  thus  tinged,  has  its  colour  changed  to  a  deep 
orange  by  the  action  of  ammonia.  The  same  effect  is  pro- 
duced upon  coagulated  albumen  under  similar  circumstan* 
ce8«  From  this  fact,  and  from  the  effects  of  reagents  upon  It  ia  a  kind 
cuticle,  as  above  detailed,  there  is  every  reason  to  believe  jj^^l^l*' 
that  this  animal  substance  consists  entirely  of  coagulated  al-  men. 
bumen. 

3.  The  true  skin  is  an  elastic,  dense  and  strong  mem«  s.  x^ie 
brane,  composed  of  a  great  number  of  fibres,  interwoven  in  sluo. 
an  intricate  manner.  When  macerated  for  several  hours  in 
water,  the  blood  and  other  extraneous  substances  are  re- 
moved, and  the  cutis  remains,  still  preserving  its  fibrous 
texture.   When  boiled  for  a  long  time  in  water,  it  dis- 
solves completdy  into  a  viscous  liquid,  which,  upon  evapo- 
ration, yields  gelatin.  Hence  it  would  appear,  that  the  cu-  It  eonnfts 
tis  of  man  is  composed  of  gelatin,  modified  in  its  nature,  so^^j"^'^^ 
as  to  enable  it,  by  the  compactness  of  its  texture,  to  resist 

the  action  of  water,  except  under  particular  circumstances. 

4.  The  cutis  vera  constitutes  the  part  of  the  hide  of  in-  Troe  tUn 
ferior  animals,  which  is  susceptible  of  conversion  into  lea-  ^^^^^' 
ther;  and  it  is  its  gelatinous  nature  which  fits  it  for  this  viththe 
purpose.  The  hide  is  treated  with  lime,  which  destroys  the  Wdcof  infe. 
cuticle  and  the  hair;  and  the  cutis,  which  remains,  is  then  ^I]^ ' 
steeped  in  an  infusion  of  oak  bark,  whereby  it  combines 

with  tannin,  and  becomes  leather. 

5.  The  rete  mucosum  has  never  been  subjected  to  chemi-  s.  Mnoons 
cal  analysis.  It  is  known,  however,  that  it  gives  rise  to  the  network 
difference  in  colour  of  the  skin,  occurring  in  different  varie-  S^rdiflTer- 
ties  of  the  human  race.  The  true  skin,  in  all  nations,  is  the  enoe  of  co- 
same  both  in  colour  and  in  texture;  so  also  is  the  cuticle,  hu^n^  ^ 
On  the  other  hand,  the  rete  mucosum  is  black  in  the  negro,  noe. 
yellow  or  tawny  in  many  of  the  Asiatics,  and  yellowish- red 

m  the  aborigines  of  America;  and,  by  being  seen  through 
the  transparent  cuticle,  gives  rise  to  the  variety  of  colour  m 
the  skin  of  the  human  species.  The  black  colour  of  the  rete 
mucosum  is  destroyed  by  the  action  of  chlorine,  as  Dr. 
Beddoes  first  proved  by  experiment,  on  the  finger  of  a 
negro. 


SECTION  V- 

OF  MEMBRANE,  TENDON,  U6AMENT,  AND  CARTILAGE. 

NovE  of  these  substances  have  been  subjected  to  very 
careful  analysis;  so  that  a  very  slight  notice  of  them  will 
complete  this  section. 
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latin. 


2.  Tendon 
eonBtsta  en- 
tirely of  ge- 
latin. 


d.Iigiiinent 
it  modified 
oMgnlated 
albumen, 
containing  a 
portion  oc 
gelatin. 


Cartilage  is 
coagulated 
albumen, 
containing  a 
little  gela- 
tin. 


ANALYSIS  OF  ORGAimED  FABT8. 

I.  Membrane  is  a  thin,  transparent  covering,  with  which 
different  parts  of  the  body  are  enveloped.  The  dura  and  pia 
mater,  the  pleura,  peritoneum,  and  periosteum  are  all  ex-* 
amples  of  membrane.  It  is  susceptible  of  being  tanned  and 
converted  into  leather.  When  boiled  a  long  time  in  water, 
it  dissolves  almost  entirely,  and  the  liquid  formed  is  found 
to  be  a  solution  of  glue*  When  burnt,  it  leaves  scarcely  any 
residuum.  There  can  be  no  doubt,  that  membrane  consists 
almost  entirely  of  gelatin. 

II.  Tendons  are  too  well  known  to  require  description. 
In  common  language,  they  are  called  sinew s.  When  boiled 
a  sufficient  time  with  water,  they  are  completely  dissolved, 
and  converted  into  gelatin. 

III.  Ligament,  the  substance  which  binds  the  bones  toge-r 
ther,  differs  somewhat  in  chemical  nature  from  the  sub- 
stances just  described.  When  boiled,  it  yields  a  portion  of 
gelatin;  but,  so  far  from  dissolving  entirely,  it  retains  ita 
form  and  even  its  strength.  It  is  not  unlikely  that  the  part, 
which  is  insoluble  after  long  boiling,  is  coagulated  albu- 
men, somewhat  modified. 

IV.  Cartilage  differs  essentially  from  both  membrane, 
tendon  and  ligan^ent.  It  appears  ta  yield  a  portion  of  gela- 
tin by  boiling;  but  the  great  mass  of  it  is  composed  of  a 
substance,  insoluble  in  hot  water,  and  aiutlogous  in  its  na-r 
ture  to  coagulated  albumen. 


SECTION  VI. 

OP  6LAKD. 

Gland  Is  a  If  Glands  are  very  complex  bodies,  made  up  of  several 
Teryhete-  distinct  parts.  The  great  mass  of  them  is  composed  of 
ioSstance.  blood-vessels.  These  vessels  are  held  together  by  a  kind  of 
cellular  texture,  which,  together  with  the  blood  pervading 
them,  and  the  excretory  vessels  of  those  performing  secre- 
tions, may  be  considered  as  comprising  their  whole  sub- 
stance,  There  is  very  little  doubt,  that  they  consist  almost 
entirely  of  gelatin. 


Brain  de- 
•eribed. 


*     SECTION  VII. 

OF  BRAIN  AND  NERVE. 

1.  Brain  is  a  soft  substance,  possessing  a  soapy  feel. 
Its  specific  gravity  exceeds  that  of  water.  When  kept  in 
close  vessels,  it  has  very  little  tendency  to  undergo  putre- 
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faction*  Under  such  circumstances,  it  has  remained  a  whole  CgA>.  IL 
year  without  experiencing  hardly  any  change.   But  when 
exposed  to  the  open  air  at  the  temperature  of  60^,  in  a  few 
days  it  becomes  green,  exhales    a  very  fetid  odonr,  and 
gives  out  abundance  of  ammonia. 

2.  Cold  water  does  not  dissolve  brain;  but  when  tritu- 
rated with  this  substance,  a  kind  of  emulsion  is  formed, 
which  partly  coagulates  by  heat,  or  by  the  action  of  acids 

^or  of  alcohol.  The  part  which  coagulates  is  found  to  be  al- 
bumen. 

3.  When  brain  is  triturated  with  diluted  sulphuric  acid,  Effeeuof 
with  the  exception  of  its  albuminous  part,  it  is  totally  dis-  *°|$^*^ 
solved.  This  solution,  by  evaporation,  deposites  crystals  of  it; 
sulphate  of  ammonia;  and  when  this  operation  is  continued 

to  dryness,  a  black  mass  is  obtained,  which  is  partly  soluble 
in  water.  The  insoluble  portion  is  charcoal;  while  the  so- 
luble portion  is  found  to  consist  of  the  sulphates  of  ammo- 
nia and  of  lime,  phosphoric  acid,  and  the  phosphates  of  so- 
da and  of  ammonia.  The  sulphuric  acid  of  the  sulphates  of 
ammonia  ^d  of  lime  is  derived  from  the  solvent;  so  that 
it  would  appear,  that  the  salts  contained  in  brain  are  the 
phosphates  of  lime,  of  soda,  and  of  ammonia.  Traces  of 
sulphate  of  lime,  however,  are  detected.  All  these  salts, 
taken  together,  do  not  amount  to  more  than  liir^b  part  of 
the  weight  of  brain. 

4.  Nitric  acid  also  dissolves  the  whole  of  brain,  except  and  of  nl- 
the  albuminous  paru  When  the  solution  is  concentrated  by  ^^^''^ 
heat,  carbonic  acid  gas  and^deutoxide  of  azote  (nitrous  gas) 

arc  given  out,  and  afterwards  a  large  quantity  of  ammonia 
is  disengaged.  There  remains  a  bulky  charcoal,  mixed  with 
a  quantity  of  oxalic  acid. 

5.  According  to  an  analysis  performed  by  Vauquelin,  100  lu  eompo. 
parts  of  brain  are  composed  of  SiSSntto 


Water 

80-00 

White  fatty  matter 

4-53 

Reddish  fatty  matter 

0-ro 

Albumen 

7*00 

Osmazome 

1*12 

Phosphorus, 

1-50 

Acids,  salts  and  sulphur 

5.15 

lOQKX) 

6.  Supposing  the  salts  of  Vauquelin's  analysis  to  be  the 
same  as  those  Just  stated  to  exist  in  brain,  then  the  ultimate 
constituents  of  this  substance  would  be  oxygen,  azote,^  hy- 
drogen, carbon,  phosphorus,  sulphur,  sodium  and  calcium. 

7.  Anatomists  have  ascertained,  that  the  nerves  are  com- 
posed of  small  fibres,  consisting  of  a  substance  analogous  to 
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Past  If .  braiii,  and  inrested  by  a  membrane,  which  appears  to  be  de- 
^^'  ^'  lived  from  this  organ.  Vauquelin  ttas  found  them  to  possess 
Nerves,  the  same  chemical  nature  as  brain.  The  same  is  true  with 
^**^  '■>  regard  to  the  meduUa  obiongau  and  medoUa  spinafis. 


luitiireai 
bnin. 


SECTION  VIII. 


OF  MARSOW. 


Hamnr  of      !•  In  the  cavities  of  the  long  bones,  there  is  found  a  pe- 
Sffera?^  culiar  substance  of  a  fatty  nature,  which  is  denominated 
frara  ha-     marrow«  Berzelitts  has  examined,  in  detail,  the  chemical 
nan  ntf.   properties  of  this  substance,  as  it  exists  in  the  thigh  bone  of 
the  ox.  As  it  is  not  probable,  that  die  marrow  of  human 
bones  diflfers  essentially  from  ox  marrow,  it  may  not  be 
without  its  use  to  give  the  result  of  this  examination. 
Itoaoaiytiiy     S.  Cold  Water,  when  digested  upon  ox  marrow,  takes  up 
2^^[^'    about  Tirtb  part  of  this  substance,  which  is  ascertained  to 
consist  of  coagulated  albumen  mixed  widi  phosphate  of 
lime  and  of  iron,  gelatin,  and  the  peculiar  extractive  of 
Thouvenel.  Boiling  water  causes  it  to  mdt  and  swim  on  its 
surface,  and  dissolves  a  part  of  it,  which  is  found  to  con* 
sist  chiefly  of  extractive,  gelatin,  and  a  peculiar  matter,  ap- 
proaching, in  properties,  to  coagulated  ubumen. 

3.  If  marrow,  after  having  been  thus  subjected  to  the  ac- 
tion of  hot  and  cold  water,  be  melted  and  passed  through  a 
cloth,  a  portion  remains  on  the  cloth  consisting  of  blood* 
vessels  8cc.  It  may  now  be  considered  as  being  in  a  state  of 
purity. 
Pare  mar-  4.  Pure  marrow,  thus  obtained,  is  a  soft  substance,  having 
roj  d««»i.  ^  blttish*white  colour,  and  rather  sweetish  taste.  It  melts 
when  heated  to  the  temperature  of  113^.  When  distilled,  it 
yields  a  liquid  and  a  solid  oil,  water,  carbonic  acid  gas  and 
bihydroguret  of  carbon,  and  there  remains  a  dark  brown 
and  brilliant  charry  matter,  amounting  to  r^th  part  of  the 
marrow  employed. 

5.  Berzelius  states  the  constituents  of  100  parts  of  ox 
marrow  as  follows: 

Pure  marrow  96 

Skins  and  blood-vessels  1 

Albumen 
Gelatin 

Extractive  ^  3 

'  Peculiar  matter 

Water 

100 
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6.  From  this  statement,  it  appears,  that  marrow,  as  it  is  C«af.  it 
found  in  bone,  is  composed  almost  entirely  of  a  peculiar  """""^ 
fixed  oil,  to  which  Berzelius  gives  the  name  of  pure  mar- 
row. All  the  component  parts  of  marrow,  exclusive  of  the 
phosphates  of  lime  and  of  iron,  may  be  referred  to  oxygen, 
azote,  hydrogen  or  carbon  as  idtimate  constituents. 


SECTION  IX. 

OF  HAIB. 

1.  Vauc^elin  has  published  a  minute  analysis  of  human  AnaijBit  of 
hair.  By  means  of  a  Papin's  digester,  this  chemist  was  en-  ^  J^ 
abled  to  dissolve  this  animal  substance,  which,  at  the  boiling  by  Vm^m- 
temperature,  is  insoluble  in  water*   The  solution  contains  a^""* 
kind  of  oil,  which  may  be  separated  by  the  filter. 

2.  The  filtered  solution,  when  treated  with  an  infusion  of 
nut-galls^  lets  fall  a  copious  precipitate,  which  Vauquelin 
considers  to  be  inspissated  mucus,  but  which  is  considered 
by  Hatchett,  with  more  probability,  as  some  modification  of 
coagulated  albumen.  When  silver  is  exposed  to  its  aetion, 
it  is  blackened,  which  indicates  the  presence  of  sulphur. 
When  very  much  concentrated  by  evaporation,  it  does  not 
gelatinize.  This  would  appear  to  show  the  absence  of  gela- 
tin, but  Achard  and  Hatchett  have'  proved  I^  experiment, 
that  liair  contains  a  portion  of  gelatin,  to  which  it  owes  its 
suppleness  and  toughness.^ 

3.  When  alcohol  is  digested  upon  black  hair,  it  separatea 
from  it  two  kinds  of  oil;  one  of  which  falls  in  the  form  of 
white  shining  scales,  as  the  alcohol  cook,  while  the  other^ 
which  is  greyish-green,  is  obtained  by  evaporation* 

4.  When  hair  is  incinerated,  the  ashes  amount  to  not 
more  than  1^  parts  in  the  100.  Vauquelin  found  these  ashes 
to  be  composed  of  iron  and  manganese,  phosphate,  sulphate 
and  carbonate  of  lime,  chloride  of  sodium  (muriate  of  soda), 
and  a  considerable  quantity  of  silica.  The  ashes  of  red  or 
white  hair  contain  less  iron  and  manganese  than  those  ob- 
tained from  other  varieties;  but  they  have  magnesia  as  an 
ingredient,  not  found  in  the  ashes  of  hair  of  other  colours. 

5.  From  these  various  data,  furnished  by  the  researches 
of  Vauquelin  and  Hatchett,  it  would  appear,  that  human 
hair  is  composed  of  the  following  substances: 

Coagulated  albumen,  somewhat  modified.  Itswxittita- 

Sulphur.  «"^« 

'  Gelatin. 
Two  kinds  of  oil. 
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Iron  and  manganese. 

Phosphate,  sulphate,  and  carbonate  of  lime. 

Chloride  of  sodium  (muriate  of  soda.) 

Silica. 
6.  From  the  above  statement  it  follows,  that  the  ultimate 
constituents  of  hair  are  oxygen,  chlorine,  azote,  hydrogen, 
carbon,  phosphorus,  sulphur,  sodium,  calcium,  silicum,  iron^ 
and  manganese. 


HtMdthjT 
products 
lenomen- 
Ctd. 


IT.  HEALTBY  PRODUCTS. 

The  healthy  products  of  the  vital  action  of  the  human 
body  are  nearly  all  secretions.  They  will  be  arranged  as  fol- 
lows: 
a.  Products  of  the  digestive  functioiu-^Thcse  are  Chyle, 

Blood,  and  Feces. 

All  the  remaining  healthy  products  are  secretions,  and 

will  be  called  by  that  name  in  giving  the  remaining  groups 

of  the  arrangement. 
A.  Secretions  subservient  to  the  digestive  yi/nc^ion.— These 

are  Saliva^  Gastric  Secretion,  Pancreatic  Secretion,  and 

Bile. 

c.  Secretions  subservient  to  the  organs  of  sense^-^Thesc  arc 
Tears,  Mucus  of  the^nose,  and  Cerumen  of  the  ear. 

d.  Secretions  contasned  in  circumscribed  cavities. — ^These  are 
Humours  of  the  eye,  Liquor  of  the  pericardium,  and 
Sinovia. 

Cm  Secretions  of  an    excrementitious    na/ur^.— These   zrt 

Urine,  and  Sweat. 
f  Secretions  dependent  upon  sexual  organization*-^ThcBt 

are  Semen,  Milk,  and  Liquor  of  the  amnios. 

The  healthy  products  will  be  noticed,  in  the  order  ib 
which  they  have  been  named,  in  the  following  sections* 


a.  Products  of  the  Digestive  Function. 

The  products  of  the  digestive  function  are  Chyle,  Blood, 
and  Feces. 

SECTION  L 

OF  CHYLE. 

Chyle  is  la-     1.  Chtle  IS  the  liquid  taken  up  from  the  food  in  the  in- 
**■  "P      testines,  after  the  latter  has  undergone  certain  changes  in  the 
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stotnaeh.  Alimentaty  matter,  thus  fitted  to  yield  chyle,  is  call*  Caiy.  II. 
ed  chyme;  and  the  vessels,  which  st-parate  the  chyle  from  it,  fpom  the 
are  called  lacteals.    These  vessels  unite  together  and  form  anmcDUrr 
one   trunk,  called  the  thoracic  duct,  which  communicates  ^^'J'^j 
with  the  bldod'-vessels*    Chyle  is,  therefore,  a  product  of  into  the 
digestion,  which  passes  into  the  blood,  in  order  to  supply  ^|^'^^' 
the  waste,  which  this  important  liquid  is  constantly  suffering 
in  the  circulation. 

2.  It  is  only  within  a  few  years,  that  the  chemical  nature 
of  chyle  has  been  investigated.  The  ch>  le  of  the  horse  was 
examined  experimentally,  in  1811,  by  Emmert,  and,  in  1812, 
by  Vauquelin;  in  which  year  also,  Brande  examined  the 
nature  of  this  liquid.  In  1815,  Marcet  made  a  vomparative 
examination  of  the  chyle  of  animals,  according  as  they  live 
Upon  vegetable  or  animal  food. 

5.  Chyle,  examined  from  the  thoracic  duct  about  five  Ch^le  de- 
hours  after  food  has  been  taken,  is  a  white,  opaque,  liquid,  *®"*>^- 
without  smell,  and  having  a  slightly  acid  taste,  mixed  with 
a  perceptible  sweetness.    In  about  ten  minutes  after  it  is 
dra^n,  it  coagulates  into  a  stiff  jelly.  After  remaining  twen*  It  eoaga- 
ty-four  hours,  it  separates  into  two  distinct  parts;  a  firm,  '*^^ 
contracted  coagulum,  and  a  colourless  liquid. 

4«  Vauquelin  considers  the  coagulum,  as  a  substance  in-  itseoagu- 
ternnediate,  id  properties,  between  albumen  and  fibrin.    He  *"™»  '***«^ 
considers  it  in  the  course  of  conversion  from  albumen  to  tween  aibu- 
fiforin.  It  16  not  so  fibrous,  in  its  texture,  as  fibrin,  or  so  >>?ii  and  fi- 
easily  acted  \ipon  by  solutions  of  pure  potash  or  of  soda*  "°* 
When  burnt,  it  leaves  a  charcoal,  which  is  found  to  contain 
chloride  of  sodium  (common  salt),  phosphate  of  lime,  and 
traces  of  iron* 

5.  The  liquid  part  of  chyle  becomes  coagulated  by  heat,  itB  Kquid 
by  alcohol  and  acids;  hence,  therefore,  it  contains  albumen.  {2^5211. 
After  the  albumen  is  separated,  if  the  remaining  liquid  be  men  and 
evaporated  to  one -half,  in  a  heat  not  exceeding  200^,  on  cooU  '"^^^ 
ing,  it  deposites  crystals,  which  Brande  considers  to  be  sugar 

of  milk* 

6.  From  the  foregoing  statement,  there  may  be  deduced 
the  following  constituehts  of  chvle: 

Water, 

A  substance  intermediate  in  nature  between  atbumen 

and  fibrin. 
Albumen, 

Sugar  of  milk,  «, 

Phosphate  of  lime. 
Chloride  of  sodium, 
Iron. 

7.  These  substances  may  be  referred  to  the  following  lil'- 

.3  Z 
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PartIL  timate  constituents;  namely,  oxygen,  chlorine,  azote,  hj- 
^'^'  drogen,  carbon,  phosphorus,  sodium,  calcium  and  iron. 

8.  The  chemical  account  of  chyle,  here  given,  can  be  con- 
sidered as  applying  to  the  chyle  of  the  horse  only.  There 
can  be  very  little  doubt,  however,  that  the  chyle  of  man  is 
the  same  in  constituents,  varying  somewhat  in  the  propor- 
tions in  which  they  combine. 


SECTION  11. 

OF  BLOOD. 

Blood  de-        !•  It  can  hardly  be  necessary  to  describe  the  general  ap«- 

Boribed.      pearances  of  blood.  In  the  more  perfect  animals,  as  in  man 

for  example,  it  has  a  red  colour,  an  unctuous  feel,  a  slightlj 

saline  taste,  and  a  peculiar  smell.  The  mean  specific  gravity 

of  human  blood  is  1*0527. 

Itiepantei     2.  Blood,  soon  after  it  is  drawn,  coagulates  into  a  solid 

oa»MDto    ^^^^«  which  slowly  separates  into  two  parts;  a  liquid  part, 

two  paru,    which  is  called  serum,  and  a  solid  part,  forming,  as  it  were^ 

^"^^'    an  island  in  the  former,  which  is  called  crassamentum* 

nima         j^^  erassamentum  generally  constitutes  about  one-fourth 


torn.  of  the  blood;  but  its  quantity  is  not  uniform.   In  some  rare 

cases,  it  is  said  to  compose  one-half,  and  in  others  only  one- 
fifth  of  the  mass  of  the  blood.  The  cause  of  the  spontaneous 
decomposition  of  blood  is  not  satisfactorily  known.  It  takes 
place  equally  in  close  or  in  open  vessels,  or  whether  it  be 
allowed  to  cool,  or  is  preserved  at  the  animal  heat. 
i.Semn         3.  Serum  is  a  lights  greenish-yellow  liquid,  having  the 
^^*^''^^'   taste,  smell  and  feel  of  blood,  but  much  less  consistency.  Its 
mean  specific  gravity  is  1*0287.    It  changes  some  vegetable 
blues  to  green,  owing  to  the  presence  of  soda.  When  heated 
to  the  temprrature  of  156^,  or  when  mixed  with  boiling  wa- 
ter, it  coagulates,  and  the  coagulum  proves  to  be  albumen. 
The  coagulation,  however,  is  prevented,  if  it  be  mixed  with 
six  times  its  weight  of  cold  water.    If  the  coagulum  be  cut 
into  small  pieces  and  squeezed,  a  liquid  is  forced  out,  which 
is  called  serosity.  Besides  albumen,  serum  contains  a  large 
proportion  of  water,  holding  in  solution  soda,  lactate  of  soda, 
chlorides  of  sodium  and  of  potassium  (muriates  of  soda  and 
of  potash),  and  some  animal  matter. 
Its  tttm^     4.  Berzclius  found  the  constituents,  just  enumerated, 
£Si!!gto   combined  in  the  following  proportions  in  the  serum  of  hu- 
BotmSu;   man  blood: 
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Water .  -  905O-      Cbaf.  ii. 

Albumen  80-0 

Chlorides  of  potassijim  and  of  sodium  1  5  q                  _ 

(muriates  of  potash  and  of  soda)     J 

Lactate  of  soda  with  animal  matter  4.0 

Soda,  phosphate  of  soda  with  animal  matter  4*1 

Loss  0-9 

1000-0 
5»  Dr.  Marcet  found  human  serum   composed  as  fol-aeeordiog 
lows:  ^  ^•"** 

Water  900<X) 

Albumen  86*80 

Chlorides  of  potassium  and  of  sodium  1  ^^^^ 

(muriates  of  potash  and  of  soda)  J 
M uco-extractive  matter  4.00 

Subcarbonate  of  soda  1*65 

Sulphate  of  potash  0*35 

Earthy  phosphates  [of  lime  and  magnesia]  0'60 

1000*00 

6.  Dr*  Marcet's  analysis  agrees  very  nearly  with  that  of  Beraeiins's 
Berzelius  in  the  three  first  items.    Dr.  Thomson  considers  ""^J  **•«•- 
the  muco^extractive  matter  of  Dr.  Marcet  to  be  equivalent  ^^^]^ 
to  the  lactate  of  soda  with  animal  matter  of  Berzelius's  ana-  ^' 
lysis.    Berzelius  detected,  in  serum,  phosphate  of  soda, 
which  does  not  appear  in  Dr.  Marcet's  analysis.   The  soda 

in  the  first  analysis  was  no  doubt  in  the  siate  of  subcarbo- 
nate, as  stated  in  the  second.  The  substances,  stated  in  the 
two  last  items  of  Dr.  Marcet's  analysis,  occur  in  exceed- 
ingly minute  proportion.  Their  constituents,  except  the  pot- 
ash, are  considered  by  Berzelius  to  be  formed  during  in« 
cineration;  their  radicals,  namely,  sulphur,  phosphorus,  cal- 
cium and  magnesium,  being  supposed  by  this  chemist  to  be 
component  parts  of  albumen. 

7.  The  crassamentum  of  the  blood  has  a  red  colour,  and  <l  Crum- 
considerable  consistency.  Its  mean  specific  gravity  is  about  ^'^'^^H™. 
1*345.    When  washed  with  water  as  long  as  this  liquid  ab-  *••"'^■ 
stracts  any  thing,  a  white  elastic  solid  substance  remains, 
which  is  found  to  possess  all  the  properties  of  fibrin.    The 
portion,  which  is  carried  oif  by  the  water,  is  the  colouring 
matter  of  the  blood.  Besides  these  ingredients,  there  exists 

in  thie  crassamentum  a  portion  of  albumen. 

8.  From  these  statements,  it  appears,  that  the  whole  of  Conttitir- 
the  constituents  of  blood  are  the  following:  Uw^ 

Serum-^composed  of  ^^'^^ 

Water. 
Albumen. 
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Pa«t  It.  Chlorides  of  potassium  and  of  sodiam* 

Book  HI.  Lactate  of  soda  with  animal  matter. 

Soda,  phosphate  of  soda  with  animal  mfltttcn 
Crassamentum— composed  of 

Colouring  matter  of  the  blood. 
Fibrin. 
Albumen. 
9«  All  these  subsiances  may  be  referred  to  the  following 
ultimate  constituents;  namely,  oxygen,  chlorine,  azote,  hy- 
drogen, carbon,  phosphorus,  sulphur,  potassium,  sodiuRi, 
calcium,  magnesium  and  iron. 
Blood  SI  dif-      10.  Very  little  has  been  done,  in  ascertaining  the  compa- 
d&Erent     ^^^^^^  nature  of  blood,  in  different  animak,  at  different  ages 
aninuOi.      of  the  same  animal,  and  as  altered  by  disease.  Rouelle  ex- 
amined the  blood  of  a  number  of  animals,  and  found  the 
same  constituents   in  all,  though   united  in  different   pro- 
portions. Fourcroy  has  examined  the  blood  of  the  human 
foetus,  and  found  it  to  differ  from  adult  blood  in  the  follow- 
ing particulars.  It  contained  a  larger  proportion  of  colouring 
matter  and  of  a  darker  colour.  Albumen  was  present  in  it, 
but  no  fibrin  or  phosphork  acid* 
Diseased         H*   The   blood  of  persons,  labouring  under  different 
tlf^^bf^^^  diseases,  has  been  examined  by  Deyeux  and  Panneotierw 
^^        *    That  peculiar   appearance,   which  blood   usually  exhibita 
during  inflammation,  called  the  buffy  coat,  is  found  to  be 
formed,  in  consequence  of  the  subsidence  of  the  colouring 
matter  of  the  blood  from  the  crasaamentum,  thereby  leavmg 
its  fibrin,  unmixed  on  the  surface.  This  appearance  of  blood 
seems  to  depend  upon  the  slowness  with  which  it  coagulates, 
or  its  want  of  viscidit}*.  The  blood,  drawn  from  patients 
labouring  under  scurvy,  was  not  found  to  differ  from  healthy 
blood,  except  in  not  being  so  easily  coagulated.    The  serum 
of  the  blood  of  diabetic  patients  frequendy  puts  on  the  ap- 
pearance of  whey.  It  has  been  ascertained,  that  blood,  when 
drawn  in  this  disease,  contains  no  perceptible  quantity  of 
sugar. 


SECTION  III. 

OF  FECES. 

The  suite  1.  After  the  food  has  undergone  certain  changes  in  the 
in  UiTfood  ^^^'^^c^  ^y  ^^^  action  of  the  gastric  secretion,  it  passes  into 
explained,  the  duodemim,  where  it  undergoes  further  changes  by  being 
^bich  re-  mixed  with  the  bile  and  pancreatic  secretion.  After  expert* 
formation  enciug  these  changes,  it  is  fitted  to  afford  chyle  by  the  action 
of  ch^ie      of  the  lacteals;  and  accordingly  these,  vesaela  separate  this 
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inUky  foid  from  the  aUmeniaiy  masSf  especially  in  the  small  caiF.iL 
intestines,  as  it  passes  along  the  aliinentary  cans^   The  " 

whale  of  the  alimentaty  mass,  however,  is  not  fit  for  con- 
Version  into  chyle;  but  a  refuse  part,  unfit  for  the  purposes 
of  nutrition,  is  propelled  successively  through  the  whole 
len^gth  of  the  tube,  and  is  ultimately  discbar^d  per  anum. 
This  refuse  part  constitutes  the  feces* 

2.  In  order  to  elucidate  the  process  of  digestion,  Berze-  Antiyws  of 
Uus,  in  1806,  undertook  the  disgusting  task  of  •^aiyzing  ^"^^ 
human  feces.  The  result  of  this  chemist's  researches  will  be  bj  Bene- 
given  in  the  present  section.  ^^ 

3«  Feces  are  supposed  to  derive  their  colour  from  admix- 
ture of  bile,  which,  being  present  in  different  proportions, 
causes  their  variety  in  this  respect*  Their  odour  is  fetid  and 
peculiar,  and  changes  gradually  to  sourish.  Their  taste  is 
sweetish-bitter. 

4.  The  proportion  of  aqueous  parts  in  feces  is  variable.  As 
a  medium,  it  may  be  considered  that  they  lose  about  three- 
fourths  of  their  weight  in  drying. 

5.  When  feces  are  diffused  through  water  by  maceration 
and  agitation,  and  the  liquid,  thus  formed,  strained  through 
a  linen  cloth,  there  is  obtained  upon  it  about  seven  per  cent. 
of  a  greyish-brown  matter,  which,  upon  being  dried,  proves 
to  be  the  remains  of  animal  and  vegetable  substances  used 
as  food.  The  strained  liquid,  upon  standing,  deposites  a  yel- 
lowish-green slimy  matter,  amounting  to  fourteen  per  cent, 
of  the  feces  examined,  which  is  found  to  be  composed  of 
three  distinct  substances:  1.  A  fatty  matter,  resembling 
picromel,  taken  up  by  alcohol;  2.  A  peculiar  yellow -colour- 
ed substance,  which  may  be  separated  by  water;  and,  3.  A 
greenish-grey  substance,  neither  soluble  in  water  nor  alcohol, 
which  leaves,  when  incinerated,  some  silica  and  phosphate 
of  potash.  After  this  slimy  matter  is  separated,  the  liquid 
which  remains  is  at  first  of  a  light  yellow  colour,  but  after- 
wards, by  exposure  to  the  air,  becomes  brown,  and  at  last 
muddy.  When  concentrated  by  evaporation,  crystals  of  am- 
monio- phosphate  of  magnesia  make  their  appearance.  Besides 
this  triple  salt,  the  liquid  is  found  to  contain,  1.  Albumen, 
amounting  nearly  to  one  per  cent*  2.  About  the  same  pro- 
portion of  a  mixture  of  picromel  and  soda,  w  hich  Berzelius 
considers  as  bile.  3.  A  peculiar  reddish-brown  substance, 
soluble  both  in  water  and  alcohol,  and  precipitable  by  a  small 
portion  of  tannin  in  the  form  of  a  red  powder,  in  the  amount 
of  2*7  per  cent.  4.  Various  salts;  namely,  carbonate  and 
sulphate  of  8ods^  and  phosphate  of  lime,  together  with 
chloride  of  sodium  (common  salt).  These  substances,  in- 
cluding the  ammonio-phosphate  of  magnesia,  constitute  1*2 
per  cent,  of  feces. 
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Pabt  IL       6.  The  fbUowing  statement  gives  the  precise  result  of  the 
^•^'^'^  analysis  of  100  parts  of  feces,  as  conducted  by  ficrzelius. 
Remit  of  Water  73*3 

|^2|*2ir*'*  Vegetable  and  animal  remains  70 

^   '  -  Slimy  matter;  consisting  of  altered  picromel,  a 

^  peculiar  ydtow  soluble  substance,  and  a  green- 
ish-grey insoluble  substance  14K> 
Albumen  *9 
A  mixture  of  picromel  and  soda  «9 
A  peculiar  reddish*>brown  substance  2*7 
Salu,  &c.                                                                      1*8 

lOOO 
The  an-  7.  The  above  analysis  cannot  be  considered  as  very  satis- 

•i^SwuMT  '"^^^y*  '^^^  chemist  is  presented  with  three  substances, 
'  which  have  not  been  identified  with  any  known  forms  of 
matter,  and  yet  probably  are  not  peculiar  in  themselves. 
These  substances,  including  the  altered  picromel,  amount 
to  more  than  three-fourths  of  the  feces,  exclusive  of  the 
aqueous  part  and  the  animal  and  vegetable  remains.  Con- 
sequently, they  compose  the  great  bulk  of  this  animal  sub- 
stance, and  must  be  considered  as  its  most  characteristic 
part.  It  would  be  important  to  have  the  peculiar  nature  of 
these  substances  satisfactorily  ascertained,  or,  otherwise, 
their  identity  with  known  forms  of  matter  manifested.  It 
certainly  would  be  an  object  of  curious  inquiry  to  investi- 
gate the  peculiarities  in  the  constituents  or  manner  of  combi- 
nation of  matter,  which  render  it  unfit  to  be  absorbed  bvthe 
lacteals.  Will  any  particular  ultimate  constituent  be  found 
redundant  in  such  matter?  This  question  deserves  to  be 
satisfactorily  answered. 


h.  Secretions  siUmerviefU  to  ike  Digestive  FunetiotL 

These  secretions  are  Saliva,  Gastric  Secretion,  Pancreatic 
Secretion  and  Bil^ 

SECTION  IV. 

OF  SAUVA. 

Silindes.  I*  Saliva  is  a  limpid  and  somewhat  viscid  liquid,  des- 
<>il^^  titute  of  taste  or  smclL  Its  specific  gravity  is  very  little 
greater  than  that  of  water.  It  does  not  mix  readily  with 
water,  but  by  trituration  in  a  mortar,  the  union  may  be  ef- 
fected! It  is  said  to  absorb  oxygen  readily  from  air.  When 
triturated  with  several  of  the  metals,  as  gold,  silver,  or  mer- 
cury, it  is  known  to  cause  their  oxidizemenu  When  evapo- 
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TkXti^  it  awclls  exceedingly  and  leaves  a  brown^coloured  Chit,  if. 

crust.  When  dis  illed,  it  yields  water,  a  little  carbonate  oi 

ammonia,  some  oil,  and  an  acid* 

2.  According  to  an  analysis  by  Berzelius,  1000  parts  of  iti  «oinpo. 

saliva  are  composed  of  ^^^ 

Water  992-9 

Peculiar  animal  matter  2*9 

Mucus  1  4  . 

Chlorides  ofpotassium  and  of  sodium  1  ^^^ 

(murtattrs  of  potash  and  of  soda)     J 
Lactate  of  soda,  and  animal  matter  0*9 

Pure  soda  0*2 


1000-0 
3*  In  the  above  analysis,  the  peculiar  animal  maiter  pos- 
sesses the  propertits  of  mucus,  as  heretofore  detailed;  while 
the  mucus  of  Berzelius  bears  a  close  analog)-  to  coagulated 
albumen. 

4.  The  peculiar  substance,  in  common  language  called 
tartar,  which  adheres  to  the  teeth,  was  found  by  Berzelius 
to  be  composed  principally  of  the  phosphates  of  lime  and 
of  magnesia* 


SECTION  V. 

OF  THE  GASTRIC  SECRETION. 

1.  Vert  little  is  known  at  present  of  the  exact  chemical  GMtrft  de- 
nature of  the  gastric  secretion.  The  accounts  of  different  oretioo,  it* 
physiologists,  who  have  examined  it,  are  so  discordant,  that  j^p^^eotir 
no  precise  notion  of  its  composition,  in  the  healthy  state,  asccrtam- 
can  be  formed  from  them.  This  discordancy,  without  doubt, 

is  to  be  attributed,  in  part  to  the  difficulty  of  obtaining  this 
secretion  pure,  it  being  always  mixed  with  the  remains  of 
food  and  often  with  bile;  but  principally  to  its  natural  varia- 
tions, depending  upon  the  nature  of  the  food,  the  peculiar 
constitution  of  the  animal,  and  upon  the  longer  or  shorter 
time  after  a  meal,  at  which  it  is  examined* 

2.  Several  methods  have  been  employed  by  physiologists  Differeni 
for  obtaining  the  gastric  secretion  pure.  One  method  is  to  "**^*!^•  ^ 
kill  an  animal,  after  it  has  fasted  for  a  considerable  time,  from  the 
and  to  take  the  secretion  from  the  stomach.  Another  me-  stomach. 
thod  is  to  force  animals  to  swallow  tubes,  perforated  with 

holes  and  containing  dry  sponge,  and  afterwards  to  return 
them  by  vomiting.  In  this  way,  Spallanzani  obtained  a  liquor 
from  the  stomach  of  crows,  which  he  considered  to  be  the  gas- 
tric juice.  No  dependence,  however,  can  be  placed  upon  any 
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iPiftT  II.  method  for  obtoiaing  this  secretion,  of  which  romiting  makes 
"^^^^  "^-  %  pary  since  in  all  cases^  where  the  stomach  is  nearly  emptjr^ 
vomiting  produces  a  discharge  of  bile.  A  third  nelhod,  fior 
ofotaiotng  che  secretion,  is  to  escite  vomiting  in  the  morn- 
ing before  taking  food.    This   method,  Sp^hmxani   and 
Gossip  practiced  on  themselves. 
lu  ]»roper-      3.  Spallanzani  found,  that  the  Hquid,  ^vhtch  he  direw  up 
^**'**sSd'  *°  ^^^  morning,  and  which  he  considers  to  be  the  gastric  sc- 
£f^.    '  cretion  in  a  pure  state,  had  a  saltish  tatte,  without  atty  mixture 
of  bitterness.  When  first  ejected,  it  was  frothy  and  somewhat 
glutinous.    Upon  standing,  it  deposited  a  scanty  sediment, 
and  became  as  limpid  as  water.  It  had  no  tendency  to  pu- 
trefaction; for  when  kept  in  a  stopped  vial,  for  longer  than 
a  month,  eisposed  to  the  heat  of  ah  Italian  summer,  it  un- 
derwent no  perceptible  change. 
Propertiei      4.  According  to  the  observations  of  BrugnateRi,  the  gas- 
trie  secret'  trie  secretion  of  carnivorous  animals  has  an  acid  and  resi- 
tk>n  of  wfe- nous  odour  and  a  bitter  taste,  is  not  at  all  watery,  and 
nor  ani.     consists  of  an  uncombined  acid,  a  resin,  an  animal  substance^ 
and  a  small  portion  of  common  salt.  According  to  Spallan- 
zani, who  seems  to  have  settled  the  point  by  experiment^ 
the  secretion  in  these  animals,  including  man,  is  neither  acid 
nor  alkaline  in  its  natural  state;  and  becomes  acid  only  by 
the  use  of  vegetable  food  in  large  proportion,  which  proper- 
ty it  derives  from  such  aliment  in  its  tendency  to  undergo 
the  acetous  fermentation.  Again,  Brugnatelli  asserts,  that 
the  gastric  secretion  of  herbivorous  animals  has  a  bitter, 
saltish  taste,  and  contains  ammonia,  an  animal  extract,  a 
pretty  large  proportion  of  common  salt,  and  a  large  quantity 
of  water.  The  gastric  secretion  of  oxen  and  calves  has  been 
proved  by  Macquart  and  Vauquelin  to  contain,  invariably, 
uncombined  phosphoric  acid. 
Ezperi-  5.  It  is  much  to  be  desired,  that  an  elaborate  analysis  of 

formiktioo'  ^^  gastric  secretion  of  man  and  other  animals  should  be 
yery  denra-  performed  by  some  chemist  well  fitted  for  the  task,  tt  is 
^'ib^t^of   ^^^  ctjKJCtcd,  that  any  light  would  be  thrown  upon  the  func- 
thVgattrie  <>on  of  digestion  by  this  research;  for  it  would  seem,  that 
seeretioii.    this  operation  has  some  hidden  connection  with  vitality, 
with  which  chemistry  can  have  no  concern.    This  good, 
however,  might  fairly  be  expected  to  result  from  the  inves- 
tigation: it  would  illustrate  the  difficult  disease  of  dyspepsia, 
by  pointing  out  the  chemical  peculiarities  of  the  secretioti 
in  particular  cases,  and  thereby  suggesting  the  appropriate 
remedies,  it  would  also  be  productive  of  important  advan- 
tages, by  ascertaining  in  what  cases  of  derangement  in  the 
digestive  organs,  the  gastric  secretion  of  particular  animals 
would  be  serviceable  as  a  remedy. 
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6.  On  xht  subject  of  the  gastric  secretion  as  a  remedy,  it  Ciap.  il 
fiaay  be  proper  to  remark,  that  this  liquid,  derived  from  xhTgMtrio 
graminivorous  animals,  has  been  successfully  employed  as  scerction  m 
an  external  application  to  ill-conditioned  ulcers,  especially  *  >^«med3r. 
•och  as  have  a  sloughing  tendency,  and  are  attended  with 
grt  at  pain.  The  ulcer  is  bathed  with  the  liquor,  and  then 
dressed  with  lint  moistifned  with  it.  It  is  considered  to  act 
as  a  stimulating  antiseptic.  By  its  stimulus,  it  substitutes  a 
healthy  for  a  diseased  action,  and  by  its  antiseptic  qualities, 
it  destroys  the  itttor,  which  is  an  invariable  attendant  upon 
such  ulcers.  In  some  cases  of  indigestion,  attended  by  vomit- 
ings of  acid  and  black  matter,  *tod  when  the  gastric  stcre- 
tion  has  lost  its  energy,  the  internal  exhibition  of  the  gas- 
tric  liquor  from  ruminating  animals,  has  been  found  by 
Carminati  to  be  of  great  use.  The  dose  employed  was  one 
ounce  of  the  fresh  secretion.  This  same  philosopher  was 
enabled  to  cure  intermittents  by  the  use  of  the  liquor;  in 
which  cases,  he  increased  the  dose  to  three  ounces  a  day. 


SECTION  VI. 

OP  THE  PANC&EAXIC  SECRETION. 

1.  Nothing  is  known  as'  So  the  chemical  nature  of  this  PanereaUo 
secretion.  There  is  good  reason,  however,  to  believe,  that  it  J^p'^^^^, 
is  very  similar  to  the  saliva.  reMmUe 


SECTION  VII. 

OF  BlLfi. 

1.  Human  bile  is  a  liquid,  generally  viscid,  of  a  some-  Human  bile 
what  bitter  taste.  Its  colour  is  variable,  being  sometimes  deacnbed. 
green,  sometimes  yellowish,  and  occasionally  nearly  colour- 
less. It  usually  contains  a  yellow  matter,  suspended  in  it. 
When  evaporated  to  dryness,  the  residue  is  a  brown  mass, 
amounting  to  about  -^ih  of  the  weight  of  the  bile  experi- 
mented upon. 

2.  According  to  an  analysis  by  Berzelius,  1000  parts  oflueo^iKL- 
human  bile  are  composed  of  "**^* 

Water  008-4 

Picromel  80O 

Albumen  30 

Soda  4-1 

Phosphate  of  lime  0-1 

Chloride  of  sodium  (common  salt)  3*4 

Phosphate  of  soda  with  some  lime  1*0 


1009*0 
4A 


•f 
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R  ^^^m       ^*  ^^  *°  aiialysis  of  ox  bile  performed  by  Thenard,  it  ap» 

^J!21 L  pears,  that  this  liquid  contains  all  the  ingredieots  of  human 

Oz  bile  ftmi  [^\u  ^g  ascertained  by  Berzelius,  except  albumen;  and  the 

hanwD  bile      ,1'.        ,.  ,.        '^        .  >•»  t_  -j        j 

oompAMd.  additional  ingredients  of  resin,  which  may  be  considered  as 
included  under  the  title  of  picromel  in  Berzelius's  analysis, 
yellow  matter,  which  is  probably  equivalent  to  the  albumen 
of  the  human  bile,  sulphate  of  soda,  and  oxidized  iron*  So 
that  the  real  diiference,  between  the  bile  of  man  and  of  the 
ok,  consists  in  the  presence  of  sulphuric  acid  and  oxidized 
iron  in  the  latter,  not  to  be  found  in  the  former.  Thenard 
examined  the  bile  of  the  calf,  the  dog,  the  sheep,  and  the 
cat,  and  found  it  to  resemble  ox  bile  exacdy  in  proper- 
ties and  constituents.  On  the  other  hand,  the  bile  of  the 
sow  was  found  to  differ  entirely  from  that  of  the  animals 
just  mentioned;  for  it  does  not  contain  albumen,  animal 
matter,  or  picromeL 
Uidinate  4.  The  substances,  enumerated  in  Berzelius's  analysis  of 
^"^^ui  human  bile,  may  be  all  referred  to  the  following  ultimate 
constituents;  namely,  oxygen,  chlorine,  azote,  hydrogen^ 
carbon,  phosphorus,  sodium,  and  calcium. 


c.  Secretions  suhservient  to  Hie  Organs  of  Sense, 

These  secretions  are  Tears,  the  Mucus  of  the  Nose,  and 
the  Cerumen  of  the  Ear* 

SECTION  VIII. 

OF  TEARS. 

1.  The  tears  are  a  transparent  colourless  liquid,  having 
scarcely  any  smell,  but  a  perceptibly  saltish  taste.  Their  spe* 
cific  gravity  is  somewhat  greater  than  that  of  distilled  wa* 
ter.  They  change  some  vegetable  blues  to  a  green;  which 
property  they  possess  in  consequence  of  the  presence  of 
Analysis  of  uncombined  soda.  When  exposed  to  the  air,  the  aqueous 
^^'7'  't^  portion  gradually  evaporates,  and  the  residue  assumes  some 
^^    *     '  consistency.  When  brought  nearly  to  A  state  of  dryness, 
cubic  crystals  of  chloride  of  sodium  (common  salt),  combi- 
ned with  a  portion  of  soda,  make  thtir  appearance.  When 
evaporated  completely  to  dryness,  they  lose  96  per  cent,  of 
water,  and  the  residue  is  a  yellow  matter,  having  the  pro- 
*  perties  of  inspissated  mucus.  This  mucus  is  insoluble  in 
water,  which  is  supposed  to  be  owing  to  the  absorption  of 
oxygen.  When  it  is  burnt  in  the  open  air,  the  residuum 
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contains  traces  of  phosphate  of  lime  and  phosphate  of  soda.  Chaf.  il. 
These  salts,  together  with  the  uncombined  soda  and  the 
chloride  of  sodium,  amount  to  about  one  per  cent,  in  the 
constitution  of  tears. 

2.  From  these  data,  it  may  be  stated,  that  100  parts  of 
tears  are  composed  of 

Water  96 

Mucus  3 

Chloride  of  sodium,  soda,  phos-  1  ^ 
phates  of  lime  and  of  soda         j 

100 

3.  These  substances  may  be  all  referred  to  one  or  other 
of  the  iollowing  ultimate  constituents;  namely,  ox\gcn, 
chlorine,  hydrogen,  carbon,  pho&phorus,  sodium  and  cal- 
cium. 


SECTION  IX. 

OF  THE  MUCUS  OP  THE  NOSE. 

1.  Bkkzelius  gives  the  following  analysis  of  the  mucusof  Moeotof 
the  nose.  the  noM. 

Water  933*7 

Mucus  53.3 
Chlorides  of  potassium  and  of  sodium  1 

(muriates  of  potash  and  of  soda)       J  ^'^ 

Lactate  of  soda  with  animal  matter  3*0 

Soda  Q,n 

Albumen,  and  animal  matter  soluble  in  water  ") 

but  insoluble  in  alcohol,  with  a  trace  of  phos-  V        3*5 


phate  of  soda 


1000-0 


SECTION  X. 

OF  THE  CERUMEN  OF  THE  BAR. 

1.  Cerumen  is  that  orange-yellow  substance,  commonly  Cepomen of 
called  ear  wax,  which  is  found  in  the  auditory  canal.  It  is  ^^^  ^ 
secreted  by  glands  situated  on  this  canal,  and*  is  at  6rst  li-  '*^*'"*'*^- 
quid,  but  becomes  gradually  concreted  by  the  action  of  the 

air.  Its  taste  is  bitter.  When  heated  on  paper,  it  leaves  an 
oily  stain,  and  emits  a  slightly  aromatic  odour. 

2.  Fourcroy  and  Vauquelin  consider  cerumen  as  compo-Iticon«iitu- 
sed  of  the  following  ingredients;  1.  albumen,  2.  an  inspissa-  *°** 

ted  oil,  3.  a  colouring  matter,  4.  soda,  5.  phosphate  of  lime. 
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Bool  lit 


d.  8eereHon$  cpnUimtd  in  Cireim^cribed  Canria^ 

These  secretions  are  Humours  of  the  £ye.  Liquor  of  die 
Pericardium,  and  Sinovia. 


Hmiioim 
of  the  eye 
tre  the  a- 
qiieouB  ind 
vitreoQt  Im- 
moan,  iiid 
the  eryital- 
line  leni. 


Conpod- 
tioD  of  the 
different 
homeun. 


SECTION  XL 

OF  THR  HUMOURS  OF  THE  EYE. 

1.  Anatomists  describe  three  distinct  transparent  sub- 
stances as  filling  up  the  internal  cavity  of  the  eye,  under  the 
names  of  the  aqueous  and  vitreous  humours,  and  the  crys- 
talline lens*  These  substances  have  been  examined  cheaii- 
cally  by  Chenevix  and  Berzelius. 

2.  The  experiments  have  been  made  chiefly  on  the  eyes 
of  sheep;  so  that  the  analyses,  which  will  be  given  in  this 
section,  are  to  be  considered  as  of  the  eye  of  this  animal. 
But  as  there  is  no  perceptible  chemical  difference  between 
the  humours  of  the  human  eye,  and  of  the  sheep's  eye,  what- 
ever may  be  said  of  the  humours  of  the  latter  may  be  con- 
sidered applicable  to  those  of  the  former. 

3.  Berzelius  found  that  100  parts  of  the  aqueoua  humour 
are  composed  of 

Water  9S-10 

Albumen  trace. 

Muriates  [chlorides],  and  lactates  1*15 

Soda,  with  animal  matter  soluble  only  in  water  i^TS 

100*00 

4.  This  chemist  found  the  same  ingredients,  umted  in 
somewhat  different  proportions,  in  the  vitreous  humour. 

5.  100  parts  of  the  crystalline  lens  were  found  by  Ber- 
zelius to  be  composed  of 

Water 

Peculiar  matter 

Muriates  [chlorides],  lactates,  and  animal  mat-  1 

ter  soluble  in  alcohol  / 

Animal  matter  soluble  only  in  water,  with  some  1 

phosphates  y 

Portions  of  remaining  insoluble  cellular  membrane 


58-0 
35*9 

1-3 
S«4 


lOOK) 


6.  The  peculiar  matter,  mentioned  in  the  foregoing  analy- 
sis, was  found  to  have  all  the  characters  of  the  colouring 
matter  of  the  blood,  except  the  colour.  When  burnt,  it 
leaves  a  small  residue,  containing  a  very  small  quantity  of 
iron. 
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7.  Leopold  Gmelin  has  been  enabled  to  ascertain  acvenJ  Ciiaf.il 
of  the  propejtiea  of  the  black  pigment^  found  on  the  choroid  propcrti« 
coat  of  the  eye*  He  collected  75  grains  of  this  aubatanccafthebbok 
from  500  eyes  of  osbsn  and  calves.  It  has  a  Uackishi-browik  ^^^^^ 
colour,  an^  no  taste*  When  applied  to  the  tongue^  it  ad«  the  ox. 
heres  like  clay.  It  is  insoluUe  in  water^  alcohc^  ether  or 
oils,  but  dissolvea  in  solutions  of  potaah  or  of  ammoaii^ 
from  which  it  may  be  precijutated  by  acids»  How  £ur  the 
black  pigment,  on  the  same  coat  of  the  human  eye,  may 
possess  similar  propertiea,  remains  yet  to  be  ascertained* 


SECTION  XII. 

OF  THE  LMIlKm  OF  THE  PERICARDIUM. 

1.  Dr.  Bostock  has  examined  this  liquor,  obtained  from  a  liquor  of 
boy  who  had  died  suddenly.  He  considers  it  to  be  compo-  ^[^"^ 
sed  of  the  following  constituents. 

Water  92.0 

Albumen  S*S 

Mucus  2'0 

Chloride  of  sodium  (common  salt)  0*5 

lOD-O 


SECTION  XIII. 

OF  SINOVU. 

1.  SitfOTiA  is  a  peculiar  slippery  liquid,  found  in  the 
capsular  ligaments  of  j<Mnts,  and  intended  to  facilitate  the 
motion  of  bones  upon  each  other. 

2.  Margueron  has  analyzed  this  liquid,  as  it  exists  in  Analjrrii  «r 
the  joints  of  the  ox.   How  far  it  may  be  the  same  in  the  ^^""^ 
human  joint  remains  yet  to  be  ascertained.  In  the  mean  Imw  eon- 
time,  it  may  not  be  uninstructive  to  give  the  result  of  this  ^ted  bj 
chemist's  anal3rsi8.  nxu^^" 

3.  When  sinovia  is  treated  with  alcohol,  a  white  sub- 
stance precipitates,  possessing  all  the  properties  of  atbumen. 
After  this  is  separated,  the  liquid  continues  as  viscid  as  at 
first;  but  if  acetic  acid  be  added,  it  loses  its  viscidity,  and 
there  precipiutes  a  peculiar  fibrous  substance,  having  the 
colour,  smell,  taste  and  elasticity  of  vegetable  gluten.  If 
this  fibrous  matter  be  separated,  and  the  remaining  Uq^d 
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Paet  1L  concentrated  by  evapomtion,  crystals  of  acetate  of  soda  are 

Book  III,  dfpoai.edy  which  indicate  the  presence  of  soda.   When  the 

sinovia  is  exposed  to  a  dry  atmosphere,  its  aqueous  parts 

gradually  evaporate,  and  there  remains- a  scaly  residuam, 

in  which  cubic  crystals  of  chloride  of- sodium,  and  asidine 

efflorescence  consisting  of  carbonate    of  soda  make  their 

app'  arance.  When  exposed  to  destructive  distillation,  the 

products  are  water,  the  same  liquid  containing  ammonia, 

empyreumatic  oil,  and  carbonate  of  ammonia*  The  residue 

is  a  coal,  containing  some  phosphate  of  lime. 

It!  eompo.      4.  According  to  Margucron,  the  constituents  of  sinovia 

rftsoD.        jug(  given  are  combined  in  the  following  piMOrtions. 

Fibrous  matter  m     1 1  '86 


Albumen                     " 

4*52 

Soda 

•71 

Chloride  of  sodium  (common  salt) 

1-75 

Phosphate  of  lime 

•70 

Water 

80*46 

lOOOO 


€.  8eeTaion8  of  an  Exerementitious  JVUnre* 
Th£8£  secretions  are  Urine  and  Sweat* 

SECTION  XIV. 

OF  UIUKE. 

RaKArehet      1*  Trib  animal  secretion  engaged  the  attention  of  cher 
-    iotothe  na-  mists  at  a  Very  early  period,  as  being  the  liquid  from  which 
lulne^roiide  phosphorus   was  first  obtained.  The  labours  of  the  early 
.'    bTterena  chemists  were  chiefly  directed  to  obtaining  the  phosphoric 
ctemisu.    3^(g^  Schcele  was  perhaps  the  first  chemist,  who  advanced 
considerably  the  knowledge  of  the  component  parts  of  urine, 
by  discovering  several  substances  not  before  suspected  to 
exist  in  it*  Since  his  time,  Cruickshanks,  Proust,  Fourcroy 
and  Vauquelin,  and  Berzelius  have  made  a  complete  inves- 
tigation of  its  properties. 
HeiUbT  2*  Healthy  urine,  at  the  time  it  is  voided,  is  a  transparent 

^^^'    liquid,  of  a  light  amber  colour,  aromatic  odour,  and  dis- 
"^  agreeable  bitter  taste.  Its  specific  gravity  varies  from  1*005 

to  1K)33.  Upon  cooling,  it  loses  its  aromatic  odour,  and 
acquires  a  urinous  one*  In  a  few  days,  by  standing,  it  ac- 


quires  an  odour  resembling  that  of  sour  mitt,  and  ultimately  qb^,.  n,  < 
an  alkaline  smell.  • 

3.  B\  much  the  greatest  bulk  of  urine  consists  of  water,  u  contaiat, 
Berzelius  has  ascertained,  that,  in  healthy  urine,  933  parts  ^-  Waicr: 
in  the  1000  are  water. 

4.  If  urine  be  evaporated  by  a  slow  fire  to  the  consistence 
of  a  syrup,  it  will  have  a  deep  brown  colour,  and  trxhale  a 
fetid  ammoniacal  odour.  When  this  syrup  cools,  it  torms  a 
crystallized  mass,  consisting  of  all  the  component  parts  of 
urine.  If  this  mass  be  treated  with  four  times  its  weight  of 
alcohol  and  slightly  heated,  a  part  of  it  is  dissolved,  and 
the  alcohol  assumes  a  brown  colour.   If  the  alcoholic  solu- 
tion be  distilled  in  a  retort  at  a  sand  heat,  until  it  is  reduced 
to  the  consistence  of  a  syrup,  at  which  period  all  the  alcohol 
will  have  been  driven  off,  the  mass  obtained,  upon  Qooling, 
assumes  the  form  of  cr^'stals.   These  crystals  consist  of  s.  Urea, 
tirea.  This  peculiar  substance  constitutes  alKiut  30  parts  in.*^^**^ 
every  1000  of  urine,  including  the  water;  but  if  the  aqueous  terktiein- 
portjon  be  excluded,  it  forms  nearly  one-half  of  this  secre*  gvwiient: 
tion.  Urea  is  characteristic  of  this  liquid,  and  possesses  its 

taste  and  smell.  Its  presence  in  urine  may  be  detected,  very 
readily,  by  evaporating  this  liquid  to  the  consistence  of 
syrup,  and  then  adding  concentrated  nitric  acid.  This  acid 
will  fall  down,  combined  with  the  urea,  in  the  form  of 
white  shining  cr^'stals.* 

5.  Urine  is  capable  of  converting  some  vegetable  blues  to 
red.  The  uncombined  acid,  which  is  thereby  indicated,  was 
first  supposed  to  be  the  phosphoric  acid,  and  afterwards  the 
acetic  acid  by  Thennrd;  but  Berzelius  has  shown,  that  it  is 

the  lactic  acid.  Besides  uncombined  lactic  acid,  Berzclius  s.  tm^tsk 
has  detected  in  urine,  lactate  of  ammonia,  and  a  peculiar  *^»*;^^ 

•       1  ««i  i_«i_t      tats  of  loda 

animal  matter  together  with  some  urea  which  cannot  be  md  animal 
separated  from  it.  These  three  ingredients,  according  to">*((^ 
Berzelius,  constitute  17*14  parts  of  urine  in  the  1000. 

6.  If  urine  be  slowly  evaporated  to  the  consistence  of  4.  Chloride 
syrup,  a  number  of  crystals  will  make  their  appearance  on<i^*<'<''"'°^- 
its  surface.  These  crystals  are  found  to  consist  of  chloride 

of  sodium  (common  salt)* 

7.  If  urine  be  acidulated  with  nitric  acid  to  prevent  the 
precipitation  of  the  phosphates  which  it  contains,  upon  the 
addition  of  chloride  of  barium  (muriate  of  barytes),  a  pre- 
cipitate falls  consisting  of  sulphate  of  barytes.  This  precipi-  s.Snlphatoi 

of  potash 

'  "    '  aDdofiodli: 

*  Th«^  reader,  who  wishes  to  have  a  elear  idea  of  the  nature  of  urine,  wouki  do 
well  to  reeur  to  th«-  seetions,  which  desorihe  luio  acid  and  ureai  to  refresh  hfe 
memory  eo  the  sohject  of  their  pn^rties. 
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Pabt  It  tati<iii  demdiistFiies  the  pretence  df  sulphuric  ftcid  iti  tcthatm 
Book  IH.  {^  YkSLs  been  ascertained,  that  it  exists  in  comhtnatkm  wiA 
potStth  and  sodtt*  These  facts  were  made  knofwiy  by  BeneKos. 
8*  If  the  saKne  mass,  which  remains  after  the  sepsratioB 
of  urea  by  the  action  of  alcohol  from  crysfalli£ed  urine,  be 
dissolved  in  a  sdEcient  quantity  of  hot  water,  and  allowed 
10  crystalline  spontaneously  in  a  close  vessel,  two  distmet 
sets  of  crystals  will  be  formed.  They  may  be  separated 
Irom  each  other  by  exposure  to  a  dry  atmosphefvi  the  «pper- 
Aiost  set  will  efloresce  and  faH  to  powder,  while  the  tow* 

6.  Phew-  srmost  set  will  remain  unaltered.  The  fbraser  is  fennd'  m 
J2^^|^  ^  consist  of  phosphate  of  soda  united  to  a  smaH  quantity  of  phoa- 
•miBoiikL    pbate  of  ammonia;  whereas  the  latter  is  composed  of  phosphate 

of  ammonia  combined  with  a  sm^t  portion  of  phosphate  of 
sbda.  These  salts,  as  they  exist  in  the  impure  saline  mass 
above  alluded  to,  were  formerly  known  by  the  names  of  fa* 
sible  salt  of  uf  )he  and  microcosmic  salt* 

7.  Hydro-       9.  When  urine  is  cautiously  evaporated,  cubic  crystab 
cU««i««r  may  often  he  discovered  among  its  salts.  These  crystals 
•mnMNua.   ^^  ascertained  to  consist  of  hydrocMorate  (muriate)  of  am- 
monia. 

s.  Pbot-         10.  If  liquid  ammonia  be  added  to  fresh  urine,  a  white  pow- 
phatet  of    dcr  precipitates,  which  is  found  to  be  phosphate  of  lime  coa- 
Buigiictia,    tammg  a  little  magnesia.  The  magnesia  is  ascertamed  to  be 
fl    ^^.S*^  derived  from  some  phosphate  of  magnesia,  which  is  de- 
Umef         composed  by  the  action  of  the  ammonia.   The  phosphate  of 
lime  contains  also,  according  to  BerzeKus,  a  mhdute  portion 
of  hydrolluate  (fluate)  of  lime. 
9.UrieMidi     II.  if  urine  be  evaporated  to  rKth  part  of  its  weight,  it 
lets  fall  a  subde  powder,  which  adheres  firmly  to  the  bottom 
of  the  vessel  employed.  This  substance  is  uric  acid.  The 
qdantity  of  this  acid  cdtitained  in  urine  is  very  variable. 
The  brick-red  substance,  which  is  deposited  when  urine 
cools,  is  composed  of  phosphate  of  lime  and  uric  acid.  The 
presence  of  the  uric  acid  may  be  made  evident  by  dissolv- 
ing the  sediment  in  diluted  nitric  acid.  If  the  solution, 
upon  being  evaporated  to  drj^ness,  assume  a  fine  rose  c(4our, 
uric  acid  is  present.  This  solution  consists  of  purpnrate  of 
ammonia. 
la  Moms:      13.  The  cloud,  which  forms  in  urine  as  it  cools,  is  ascer- 
*^  tained  to  consist  of  the  mucus  of  the  bladder.  It  may  be 

separated  by  the  filter. 
U.  Silica.        13*  Besides  the  substances  already  enumerated  as  consti* 
tuents  of  urine,  Berzelius  has  detected  a  very  minute  por- 
tion of  silica  in  healthy  urine. 


imiNB. 

14.  The  following  table  exhibits  the  reauk  of 
aniilysis  of  1000  parts  of  healthy  urine. 

Water 

Urea 

Free  lactic  acid;  lactate  of  amaionta;  and^ 
animal  roatttrr,  containing  urea  not  scfa-  > 
rable  from  it  J 

Chloride  of  sodium  (muriate  of  soda^ 

Sulphate  of  potash 

Sulphate  of  soda 

Phosphate  of  soda 

Phosphate  of  ammonia 

Hydrochlorate  (muriate)  of  ammonia 

Phosphates  of  lime  and  of  magnesia,  with  a  ) 
trace  of  hydrofluace  (fluaie)  of  lime  J 

Uric  acid 

Mucus  of  the  bladder 

Silica 


561 

Berzelius's  Cbap.  n. 

Constitu- 

933*00      •^"5*  ^*" 

^     ^       anne  ao- 
30*10      oordio^to 
BenehOf. 

iy*14 


4*45 
3*ri 
3*16 
2*94 
1*65 
1*50 

1*00 

1*00 
0*32 
0*03 
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15.  Besides  these  constituents  of  urine,  as  ascertained  by  Jietides 
Berzelius,  other  chemists  have  detected  substances  not  men-  ;{Jt"^" 
tioned  by  him.  there  ha?e 

16.  When  fresh  urine  is  put  under  the  receiver  of  an  air-  ^^^^5' 
pump,  air  bubbles  are  extricated,  which  prove  to  consist  of  others^ 
carbonic  acid.  The  presence  of  this  acid  in  urine  was  first  iJP»rbonio 
ascertained  by  Proust. 

17*  If  hydrochloric  (muriatic)  acid  be  added  to  fresh  3- Benzoic 
urine,  previously  evaporated  to  the  consistence  of  a  syrup,  *^'' 
a  precipitate  appears,  which  has  all  the  properties  of  benzoic 
acid.  The  quantity  of  this  acid  in  urine  varies  in  amount 
from  one  to  ten  parts  in  10,000. 

18.  If  an  infusion  of  tannin  be  dropt  into  urine,  a  white  d.AilHiinen 
precipitate  appears,  which  has  been  ascertained  to  consist  of  ■"^B****""^ 
tannin,  combined  with  albumen  and  gelatin.   This  precipi- 
tate, according  to  Cruick shanks,  amounts  to  one  part  in  240 

of  healthy  urine. 

19.  When  urine  is  boiled  in  a  silver  basin,  it  blackens  the  4.  Sulphur, 
metal;  and  if  employed  in  sufficient  qusfntity,  small  crusts 

of  sulphuret  of  silver  are  formed.  These  facts  prove  the 
presence  of  uncombined  sulphur  in  urine« 

20.  Hence  it  appears,  that,  besides  the  substances  enu* 
merated  in  Berzelius^s  analysis,  urine  contains  carbonic 
and  benzoic  acids,  albumen  and  gelatin,  and  sulphur. 

21.  The  ultimate  constituents  of  urine  are  oxygen,  chlo- 
rine, fluorine,  azote,  hydrogen,  carbon,  phosphorus,  sulphur^ 
potassiumi  sodium^  calcium,  magnesium,  and  tilicum. 

4B 
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PahtII.       S2.  The  urine  is  altered  considerably  in  its  projieities, 
^^^  ^^^'  under  the  difFerent  circumstances  of  health  and  disease.   In 
the  following  paragraphs,  the  most  remarkable  of  these  al- 
terations are  noticed* 

23.  The  quantity  of  urea  contained  hi  urine  is  very  yari- 
able*  In  the  urine  voided  soon  after  a  meal,  scarcely  any 
urea  can  be  detected*  In  chronic  hepatitis,  Rose  has  ascer- 
tained, that  the  urinf  contains  no  urea*  This  fact  has  been 
confirmed  by  Dr.  Henry.  The  urine  which  Sows  during 
hysterical  paroxysms  is  known  to  be  abundant  and  quite 
limpid*  Urine,  voided  under  such  circumstances,  contains 
scarcely  any  urea  or  gelatin,  but  a  large  proportion  of 
salts* 

24*  Phosphate  of  lime  is  said  to  abound  in  the  urine  of 
rickety  patients*  The  presence  of  this  salt  in  elccess,  in  the 
urine,  might  very  reasonably  be  expected  in  this  disease*  It 
is,  however,  contended  by  some,  that  the  morbid  peculiarity 
of  the  urine  of  rickety  patients  consists  in  the  presence  of 
oxalate  of  lime* 
Ptnk-«o-  25.  The  pink'coloured  sediment,  which  appears  towards 
loared  sedi-  the  close  of  some  diseases,  and  is  caUcd  by  physicians  the  la- 
arinc.  teritious  sediment  from  its  brick  colour,  was  considered  by 
Scheele  to  consist  of  uric  acid,  mixed  with  some  phosphate 
of  lime.  Proust,  however,  finds  the  acid  of  this  sediment  to 
diflPer  from  uric  acid  in  several  particulars;  and,  considering 
'  it  as  peculiar,  has  given  it  the  name  of  rosacic  acid*  Ac- 
cording to  Proust,  the  lateritious  sediment  is  composed  of 
rosacic  acid,  mixed  with  a  small  proportion  of  uric  acid  and 
phosphate  of  lime*  Prout  considers  it  probable,  that  it  is  his 
newly  discovered  acid  (purpuric  acid),  combined  with  am- 
monia, or  perhaps  occasionally  with  soda.*  This  sediment 
is  deposited  towards  the  termination  of  fevers,  especially  of 
the  intermittent  type*  It  falls  also  towards  the  termination 
of  a  paroxysm  of  gout,  and  during  the  course  of  diseases  of 
the  liver*  Attention  to  the  appearance  of  this  sediment  in 
urine  becomes  important,  as  it  indicates  the  close  of  moat 
inflammatory  diseases* 

26.  The  quantity  of  albumen  in  urine  is  very  much  in- 
creased in  certain  diseases*    It  has  already  been  stated,  that 
the  proportion  of  this  substance  in  healthy  urine  is  very . 
Aibomen  of  small.  In  general  dropsy,  the  urine  is  loaded  with  albumen, 

crcjlfccdSii  ^^^c^  "**y  ^  coagulated  by  heat,  or  at  least  by  acids*  In 
general  dropsy,  however,  complicated  with  disease  of  the  liver,  the 
BocSTdpo"*  urine  contains  no  albumen,  but  is  high-coloured  and  scanty, 
uy  from  du-  s^nd  deposites  the  lateritious  sediment*  When  the  digestive 

"li?«?r.  
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piroci^4»  i»  ingipf rIfcUy  performed,  the  uriae  ia  jfouAd  to  fur-  Chaf.u. 
iii»h  9k  coyiQus  precipitate  with  taQOiQ.  This  precipitate  is  *"""  "^ 
Mcert^inecl  to  be  unnin,  cQinbiqe4  with  alhumen  aod  g^ls^ 
tip.  The  presence  of  albumen  and  geUtio,  In  large  propor- 
tioQ  iQ  uriae,  is  indicated*  if  it  speedily  take  on  the  putr«» 
fective  procMS*  In  some  cases^  urine  becomes  putrid  as 
soon  as  void^fd*  This  occurrence  may  always  be  takea  as  a 
sure  indicMipn  of  some  defect  in  the  powers  of  the  digestive 
orgaqa. 

9r«  Bile  is  sometimea  found  in  small  quantities  ia  tbeunneeon- 
urine,  especially  in  jaundice.  It  may  be  detected  by  the  ad-  ^j|]jj|jijj!  *** 
ditiou  of  hydrochloric  acid,  which,  if  bile  he  present,  wtU'''"° 
render  the  urine  green. 

98*  The  urine,  in  the  disease  called  diabetes,  has  a  sweet  and  Moeha- 
taste,  and  is  found  to  contain  a  large  quantity  of  saccharine  fn'diabet^!^ 
matter.    In  one  case,  recorded  by  Dr.  Bostock,  the  sugar 
contained  in  the  urine,  which  a  patient  discharged  in  twenty- 
lour  hours,  amounted  to  twenty-nine  ounces. 

S9.  The  tendency  of  urine  to  putrefaction  seems  to  de-  Unne  pa- 
iiend  upon  the  facility,  with  which  its  most  remarkable  in-  ^'^^f*    _ 

Sredient,  urea,  suffers  decomposition.  The  products  oi  this  lecountof 
ecomposition  are  acetic  and  carbonic  acids,  and  ammo*-  ^^®  tenden- 
nia;  aiMl  hence  the  ammoniacal  smell,  which  attends  the  pu-  ^mpoAtJon 
(refaction  of  urine*  The  ammonia,  thus  formed,  neutralises  of  urea. 
the  free  lactic  acid  present  in  the  urine;  and,  as  a  conse- 
quence, the  phosphate  of  4ime  precipitates,  it  having  been 
held  in  solution  by  this  acid.    It  also  combines  with  the 
phosphate  of  magnesia,  with  which  it  forms  a  triple  salt.  It 
neutralizes  the  uric  and  benzoic  acids  naturally  present  in 
the  urine,  and  likewise  the  acetic  and  carbonic  acids,  the 
products  of  the  putrefaction.  Notwithstanding  all  these  com- 
binations, into  which  the  ammonia  enters,  it  still  remains  io 
excess.    From  this  statement,  it  may  be  inferred,  that  the 
putrefaction  of  urine  results  in  the  formation  of  a  number  of 
salts,  all  of  which  contain  ammonia* 


SECTION  XV. 

OF  SWEAT. 

1.  It  has  been  ascertained  by  experiment,  th^t  an  invisi-  Matter  it* 
ble  vapour  is  constantly  separating  from  the  surface  of  the  constantir 
body.  This  vapour  is  called  insensible  perspiration.  Under '^'^g. 
peculiar  circumstances,  however,  the  matter,  which  passes 
through  the  skin,  assumes  the  liquid  form,  and  then  it  is 
known  bv  the  name  of  sweat. 
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Pabt  ijL       d*  The  amount  of  the  insensible  perspiration,  for  a  given 
Book  In.  time,  has  not  been  precisely  determined.     Cruickshanks^ 
Amount  ofwho  ascertained  the  insensible  perspiration  of  the  hand  for 
iawnsibie    a  givcn  time,  calculates  that  for  the  whole  body,  to  be,  on 
Swi'^caica-  ^^  average,  seven  pounds  six  ounces  troy,  for  twenty-four 
kited  by  ae-  hours.  Lavoisier  and  Seguin  made  experiments  of  a  much 
rimtiDterr  ^^^^  accurate  nature,  to  elucidate  the  same  point.    These 
chemists  noted  the  weight,  lost  by  an  individual,  in  a  given 
time,  both  by  respiration  and  perspiration.  They  afterwards 
ascertained  the  loss,  for  the  same  time,  by  respiration  alone. 
This  they  were  enabled  to  do,  by  enclosing  the  same  person 
in  a  bag  of  varnished  silk,  completely  impervious  to  air  or 
vapour,  and  so  arranged,  by  glueing  the  edge  of  a  slit  in  it 
to  the  circumference  of  the  mouth,  as  that  respiration  might 
be  carried  on  in   the  open  air  without  inconvenience.  By 
this  contrivance,  all  the  matter  emitted  by  the  lungs  was 
lost,  while  that  emitted  by  the  surface  of  the  skin  was  re- 
tained in  the  bag.    The  difference  in  weight  of  the  subject 
of  the  experiment,  just  after  entering  the  bag  and  just  be- 
fore leaving  it,  must  give  the  amount  of  loss  by  respiration 
alone;  and  this  amount,  subtracted  from  the  loss  occuring 
on  both  accounts,  will  give  the  amount  of  the  insensible  per- 
spiration.   In  this  way,  Lavoisier  and  Seguin  ascertained, 
that  the  maximum  of  perspired  matter  in  a  minute* was 
26*25    grains    troy,  and  the  minimum,  9  grains;    which, 
calculated  at  a  medium,  gives  4  lbs.  4*89  ounces  as  the 
average  amount  of  perspired  matter  for  twenty-four  hours. 
Sweat  con-     3.  Sweat  is  chiefly  composed  of  water;  but  besides  this 
i^'water:    ^^^^^^  Several  other  substances  have  been  discovered  in  it. 
4.  Air,  which  has  remained  for  a  long  time  in  contact 
with  the  skin,  is  found  to  consist  almost  entirely  of  carbonic 
acid.    There  being  no  increase  in  the  bulk  of  the  air  thus 
changed,  it  becomes  a  question,  how  the  change  is  effected. 
g.  Carbon:  Either  carbon  must  be  emitted  and  afterwards  become  car- 
bonic acid,  or  oxygen  gas  must  be  absorbed  and  carbonic 
acid  ready  formed  be  subsequently  thrown  out. 

3.  Lactio         5.  Sweat  contains  an  acid.   This  was  at  first  supposed  to 
^'^'  be  the  phosphoric  acid,  and  afterwards,  by  Thenard,  aceuc 

acid;  but  Berzelius  has  rendered  it  probable,  that  the  acid 
of  sweat  is  the  lactic  acid. 

4.  Animal        6.  A  small  quantity  of  animal  matter  was  obtained  from 
matter:       gweat  by  Thenard.    This  chemist  supposes  it  to  be  similar 

to  gelatin  in  its  nature. 

5.  oily  mat-      7.  Besides  these  ingredients,  sweat  undoubtedly  contains 
'  ****•  an  oily  matter,  from  which  Cruickshanks  believes  it  to  de- 
rive its  odorous  properties.    It  is  well  known,  that  the  dog 
can  distinguish  his  master  by  the  scent.    This  seems  to 
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prove,  not  only  the  odorous  nature  of  the  perspiration,  but  Chap.  ii. 
also  its  peculiarity  in  every  individual.  In  the  negro,  the  ^ 

odorous  part  of  the  perspiration  is  in  great  abundance. 


/.  Secretiom  dependent  upon  Sexual  Organization. 

These  secretions  are  Semen,  Milk,  and  the  Liquor  of  the 
Amnios. 

SECTION  XVI. 

OF  SEMEN. 

1.  Semen  is  the  liquid,  secreted  by  the  testes,  and  intend- 
ed for  the  impregnation  of  the  female.  Heretofore  only  hu- 
man semen  and  the  milt  of  certain  fishes  have  been  subjected 
to  analysis.  It  is  intended  in  this  section  to  notice  the  che- 
mical nature  of  the  former. 

2.  Vauquelin  analyzed  human  semen  in  1794,  and  found  Analyiiiof 
it  to  be  possessed  of  the  following  properties.  When  newly  >»"■»»  •*" 
ejected,  it  is  evidently  a  mixture  of  two  different  substances; 

the  one,  liquid  and  milky  and  considered  to  be  the  secretion 
of  the  prostate  gland,  the  other,  thick  and  mucilaginous, 
which  appears  to  be  the  true  secretion  of  the  testes.  Its 
smell  is  slightly  disagreeable,  and  its  taste  acrid  and  irrita- 
ting. Its  specific  gravity  is  greater  than  that  of  water.  As 
it  cools,  the  mucilaginous  part  becomes  transparent,  and  ac- 
quires greater  consistency;  but,  by  the  expiration  of  twenty 
minutes,  it  has  liquefied.  Before  this  spontaneous  liquefac- 
tion, semen  is  insoluble  in  water,  but  afterwards  dissolves 
in  this  liquid. 

3.  Vauquelin  gives  the  following   constituents  for  100 
parts  of  semen: 

Water  90 

Mucilage  [mucus]  6 

Phosphate  of  lime  3 

ooda  [carbonate  of  soda]  1 

100 


SECTION  XVII. 

OP  MILK. 

1.  Milk  is  the  peculiar  liquid,  secreted  by  certain  glands, 
with  which  the  female  of  a  particular  class  of  animals  called 
Mammalia  is  furnished,  and  intended  for  the  nourishment 
of  the  offspring. 
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Pabt  li      2.  Accordiftg  to  the  plan  fiopo^td  to  be  adopted  m  Ais 

^^^"''  work,  hiiinan  milk  should  alone  come  under  notice.  But  ai 

Cows'  milk,  cowa'  milk  coostittttea  a  very  important  part  of  the  food  of 

Sua  iMC^.  °^^»  ^^^  "  ^^  ^^^^  "P^°  which  the  greatest  number  of 
experiments  have  been  made;  it  is  proposed  in  this  section 
to  give  the  analysis  of  cows*  milk,  and  afterwards  to  take  a 
comparative  view  of  human  milk. 
lu  proper-      3*  The  sensible  qualities  cf  cows'  milk  are  too  well  known 
^^'  to  require  detail.  Its  boiling  and  fretzing  points  are  very 

nearly  the  same  with  those  of  water.   Its  specific  gravity  is 
between  that  of  water  and  of  blood-   It  reddens  vegetable 
blues. 
It  If  eaaiy       4.  Milk  may  be  readily  separated  into  three  parts.  When 
f*P*^^^  allowed  to  remain  at  rest  for  some  time,  a  thick  unctuoos 
cram^wni  ytllow  substance  ooUects  on  iM  surface,  denoaninated  cream. 
■Bdwhcj.    After  this  substance  is  separated  by  skimming,  the  liqaid 
which  remains  is  much  thinner  than  unskimmed  milk,  and 
has  a  bluish-white  colour*  Skim-milk,  by  being  heated  to 
tht  temperature  of  about  100^  and  the  addition  of  a  little 
reanet,*  coagulates  into  a  solid  tremulous  mass.  This  mass, 
upon  being  broken  into  pieces,  separates  into  two  distinct 
parts;   the  one  solid  called  curd,  the  other  liquid  caDed 
whey. 
1.  Cream        5.  The  peculiar  nature  of  cream  is  derived  from  the  pre- 
2^^^^   sence  of  a  concrete  oil;  but  besides  this  ml,  cream  contains 
ed  wiUk     '  both  curd  and  whey.    The  oil  may  be  separated  from  the 
oord  and     curd  and  whey  by  agitation.    It  constitutes  the  well  known 
^   ^'        article  of  food,  called  butter;  and  the  mechanical  process,  by 
which*  it  is  separated,  is  called  churning. 

6.  Butter,  as  it  is  commonly  made,  still  contains  a  por- 
tion of  curd  and  of  whey.  If  heated  to  the  temperature  of 
M^,  it  melts,  becomes  transparent,  and  has  the  appearance 
of  an  oil.'  If  kept  for  some  time  in  a  melted  state,  a  little 
curd  and  whey  separate  from  it;  but,  after  this  separation,  it 
has  lost  its  peculiar  flavour. 

7.  Berzelius  has  ascertained,  that  the  ingredjfnts  of  cream 
are  united  in  the  following  proportions: 

Butter  4*5 

Cheese  [curd]  3-5 

Whey  92-0 

'^    100-0 

8.  Thus  it  appears,  that  cream  contains  between  4  and  5 
per  cent,  of  butter;  and  that  butter-milk  consists  of  curd 
and  whey  without  any  oily  part. 

*  Rennet  is  vater,  which  has  been  digested  upon  the  inner  eost  of  the  ealf 's 
stomach,  and  preserved  with  satt. 
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9«  Butter  may  be  obtained  by  agitatnig  or  churning  milk  cbaf.  h . 
newly  drawn  from  the  cow;  and  in  this  case  a  larger  pro-  Bntier  «b- 
portioD  of  butter  is  afforded.    It  has  been  ascertained  also,  tained  by 
that  akina-milk  and  even  whey  still  continue  to  contain  a  ^{'^"g 
portion  of  the  oily  part  of  milk,  and  may  be  made  to  yield 
butter  by  churning.  Sour  cream,  however,  is  generally  pre- 
ferred for  making  butter.  Such  cream  yields  as  much  but- 
ter as  fresh  cream,  and  requires  bat  one-fourth  as  much 
churning*    It  is  not  known  m  what  way  the  acidity  of  the 
cream  operates;  but  it  has  been  observed,  that  butter  pro- 
duced from  such  cream  is  as  sweet  as  any  other,  while  the 
butter-milk  itself  is  not  so  sour  as  the  cream  from  which  it 
had  been  formed*    Hence  there  is  an  evident  disappearance 
of  acidity.   The  manner  in  which  chaming  acu  is  not  wcU 
understood*  It  is  said  to  effect  the  separation  of  batter^y  even 
though  the  contact  of  air  be  prevented. 

10.  The  usual  means,  by  which  skim-milk  is  separated  into  8-  Curd  de- 
curd  and  whey,  haye  already  been  pointed  out.    Curd  is  a  •«"*»«*• 
white  solid  substance,  possessing  a  good  deal  of  britdeness 

when  completely  separated  from  the  aqueous  parts.  It  may 
be  precipitated  from  skim-milk  by  means  of  acids,  which 
fall  in  combination  with  it.  It  may  be  afterwards  disengaged 
from  these  Combinations,  by  digesting  them  in  the  solution 
of  some  salifiable  base,  which  forms  an  insoluble  compound 
with  the  acid  present.  ^The  acid  combines  with  such  base, 
and  the  liberated  curd  dissolves  in  the  water.  Curd,  ren- 
dered soluble  in  this  way,  is  somewhat  altered  in  its  proper- 
ties. Its  solution  has  a  yellow  colour,  and  some  resem- 
blance in  appearance  to  a  solution  of  gum.  When  evapora- 
ted to  dryness,  it  leaves  a  yellow  m  iss,  which  is  readily  so» 
Inble  in  water/-  When  its  solution  is  boiled,  a  pellicle  forms 
upon  its  sulfide,  nearly  insoluble  in  water,  and  similar  to 
that,  which  i^  formed  upon  boiling  milk.  Curd  appears  to  It  it  •  kind 
be  closely  allied  to  coagulated  albumen  in  properties.  It  is  jL*2JK|^ 
composed  of  oxygen,  azote,  hydrogen  and  carbon.  men. 

11.  Curd  is  the  part  of  milk  from  which  cheese  is  made.  itfonMtbe 
The  richness  and  good  quality  of  this  article  of  food  dc-  ^*  ^ 
pend  very  much  upon  the  quantity  of  the  cream  or  oily 

part  of  milk,  which  may  be  allowed  to  remain  in  it.  If  the 
curd  be  too  much  heated  and  too  forcibly  pressed,  a  ridi 
whey  is  driven  out,  and  an  inferior  cheese  is  formed.  On 
the  contrary,  if  the  heat  be  not  so  great,  and  a  slow  and 
gentle  pressure  be  employed,  the  oily  part  of  the  milk  re- 
mains in  the  cheese,  a  very  thin  and  colourless  whey  only 
being  forced  out. 

12.  Whey,  as  it  is  generally  obtained,  is  rendered  im-s.Wh«x 
pure  by  admixture  of  curd.  It  may  be  separated  from  the  <'^«"^'>«'' 


« 
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PahtIT.  latter  by  first  filtering,  and  afterwards  boiling  it  for  some 
Book  HI.  time,  and  carefully  separating  the  scum  which  collects  oa 
its  surface. .  Whey,  when  thus  rendered  pure,  is  a  transpa- 
rent liquid  of  a  yellowish-green  colour  and  sweetish  taste* 
It  reddens  vegetable  blues,  owing  to  the  presence  of  lactic 
acid.  The  greater  part  of  it  consists  of  water.  When  slowly 
evaporated,  it  at  last  deposites  a  number  of  white  crystals 
consisting  of  sugar  of  milk.  Besides  this  substance,  it  con- 
tains the  chlorides  of  sodium  and  of  potassium  (muriates  of 
soda  and  of  potash),  the  phosphates  of  lime  and  of  magne- 
sia, sulphate  of  potash,  a  peculiar  extractive,  and,  according 
to  Fourcroy  and  Vauquelin,  phosphate  of  iron. 
Compou.        13.  According  to  Berzelius  1000  parts  of  milk,  deprived 
tion<^ooo  Qf  jjg  cream,  are  composed  of 

SES^ik.  Water  928-75 

Curd  with  a  little  cream  28*00 

Sugar  of  milk  35*00 

Chloride  of  potassium  (muriate  of  potash)      1*70 
Phosphate  of  potash  0*25 

Lactic  acid,  acetate  of  potash,  with  a  trace  1  ^^qq 

of  lactate  of  iron  j 

Earthy  phosphates  (phosphates  of  lime  and  1  ^.^^ 
of  magnesia)  j 


1000*00 

14.  This  analysis  of  Berzelius  of  skim-milk,  by  ex- 
cluding the  curd,  may  be  considered  as  giving  the  con- 
stituents of  whey.  When  taken  with  this  exception,  it  is 
perceived,  that  it  indicates  the  same  constituents  for  this 
part  of  milk,  as  those  already  given  upon  the  authority  of 
other  chemists;  with  the  exception  of  chloride  of  sodium 
(common  salt),  sulphate  of  potash  and  phosphate  of  iron, 
not  found  by  Berzelius,  and  with  the  addition  of  phosphate 
and  acetate  of  potash,  and  lactate  of  iron,  detected  by  this 
chemist  alone.  With  regard  to  the  iron,  it  is  seen,  that 
Berzelius  differs,  from  Fourcroy  and  Vauquelin  in  finding 
it  combined  with  lactic  acid,  instead  of  phosphoric  acid. 

15.  As  cream  is  composed  of  butter,  curd  and  whey, 
Berzelius's  analysis  of  skim-milk  may  be  considered  as 
containing  every  ingredient  of  milk,  except  the  oil  or  but- 
ter. Taking  his  analysis,  therefore,  with  this  addition,  milk 
may  be  stated  as  having  the  following  ultimate  constituents; 
namely,  oxygen,  chlorine,  azote,  hydrogen,  carbon,  phos- 
phorus, potassium,  calcium,  magnesium  and  iron. 

Woman's  1^*  Woman's  milk  differs  from  cows'  milk  in  the  fol- 
miik,  com-  lowing  particulars.  Its  taste  is  much  sweeter.  It  forms, 
co^  nim.  vrhen  allowed  to  remain  at  rest,  a  more  abundant  cream^ 
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which,  however,  cannot  be  made  to  yield  butter.  It  does  Cbap.  ii. 
not  coagulate  by  any  of  the  means  which  succeed  with  cows' 
milk;  but  this  does  not  depend  upon  the  absence  of  curd, 
but  arises  from  the  small  portion  which  it  contains  of  that 
ingredient  of  milk.  Human  milk  yields  a  larger  proportion 
of  sugar  of  milk  than  cow's  milk.  These  are  the  principal 
differences  between  cows'  milk  and  human,  milk. 


SECTION  XVIII. 

OF  THE  LIQUOR  OF  THE  AMNIOS. 

1*  The  foetus  in  utero  is  contained  in  a  membranous  bag,  liqoor  of 
called  the  amnios.  The  liquor  of  the  amnios  is  the  l*qw>3,  J^^jJ^J^Vj^ 
with  which  this  bag  is  fillrd,  and  in  which  the  foetus  swims,  which  the 

2.  This  liquor,  in  the  human  female,  has  a  slight  milky  ^^!"' 
colour,  a  weak  pleasant  odour,  and  a  saltish  taste.  When 
evaporated  to  dryness,  98*8  per  cent,  are  driven  off  in  the 
form  of  water,  and  the  residue,  amounting  to  1*2  per  cent, 
consists  of  albumen,  chloride  of  sodium  (common  salt),  car- 
bonate of  soda,  phosphate  and  carbonate  of  lime. 


III.  MORBID  PRODUCTS. 

The  morbid  products  of  the  human  body  come  next  un-  Morbid 
der  consideration:  These  are  either  producu 

are  either 

a.  Morbid  secretions;  as  pus,  liquor  of  dropsy,  and  liquor  of  •«««i<on» 
blisters;  or  '  S^«^«~- 

b.  Morbid  concretions;  which  will  be  noticed  under  the  titles 

of  concretions  with  basis  of  phosphate  of  lime,  biliary 
concretions,  urinary  concretions,  and  gouty  concretions. 
Morbid  products,  thus  arranged,  will  be  treated  of  in  the 
seven  following  sections. 


0.  Morbid  Secretions. 

These  secretions  are,  Pus,  Liquor  of  dropsy,  and  Liquor 
ef  blisters. 

SECTION  L 

OP  PUS. 

Pus  is  the  thick  liquid,  secreted  generally  by  the  surface  Pusia^r 
of  an  open  sore.  There  are,  however,  a  great  many  shades  different 
of  difference  in  this  animal  product,  rs  secreted  from  sores  ^^'' 

4C 
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Past  il  in  different  states.  One  kind  of  it,  which  always  attends  an 
Book  III,  ulcer  while  in  a  healing  condition,  is  generally  called  good 
pus.  It  is  proposed  first  to  consider  this  kind,  and  after* 
wards  those  modifications,  which  do  not  indicate  a  repara* 
tion  of  injured  parts. 
?^h!M        ^*  Good  pus  is  a  liquid  about  the  consistence  of  cream. 
^"^^     '   It  has  a  yellowish-white  colour,  an  insipid  taste,  and  no 
smell  when  cold.  When  viewed  through  the  microscope,  it 
has  the  appearance  of  a  transparent  liquid,  m  which  white 
globules  are  swimming.    Its  specific  gravity  is  somewhat 
greater  than  that  of  water.  Hence,  when  thrown  into  this 
liquid,  it  sinks*    It  does  not  mix  readily  with  water.  By 
slight  agitation,  it  forms  a  milky  liquid,  but  the  pus  sub- 
sides again  by  rest.  Nevertheless,  by  repeated  agitation,  a 
permanent  mixture  may  be  formed,  which  passes  through 
the  filter  unaltered. 
Action  of        Pus  forms  with  sulphuric  acid  a  purple-coloured  solution, 
S*ac3«r''  ^^^^  which  it  may  be  precipitated  by  the  addition  of  water. 
It  dissolves  with  effervescence  in  concentrated  nitric  acid, 
forming  a  yellow -coloured  solution,  from  which  when  re- 
cent it  may  be  thrown  down,  in  the  form  of  grey  flakes,  by 
the  addition  of  water.    A  similar  solution  may  be  made  in 
hydrochloric  acid  by  the  assistance  of  heat,  and  decompos- 
ed in  like  manner.  The  facts,  last  stated,  are  sufficient  to 
distinguish  pus  from  mucus,  a  discrimination  of  some  im- 
portance with  regard  to  expectorated  matter, 
andofalfio*     P^»  when  treated  with  alcohol,  is  not  dissolved,  but 
l>oi*  thickened.     With  solutions  of  potash  or  soda,  it  forms  a 

whitish  ropy  liquid,  which  is  decomposed  by  water.  Am- 
monia first  reduces  it  to  the  state  of  a  transparent  jelly,  and 
then  dissolves  it  partially. 

When  pus  is  dried  at  a  moderate  heat,  it  assumes  the  ap- 
pearance of  horn.  When  exposed  to  destructive  distillation, 
the  chief  products  are  water,  ammonia,  carbonate  of  ammo- 
nia, and  an  empyreumatic  oil.  The  residuum  is  a  light  bril- 
liant coal,  containing  traces  of  iron. 

No  precise  analysis  has  been  made  of  pus;  but  from  what 
has  been  already  said,  it  is  obvious,  that  it  bears  considera- 
ble analogy  to  albumen, 
ni-eondi-  II.  IlUcondttiofied  pus^^^Yitxt  are  a  great  many  shades 
iW*^  '*'"  I  ^^  difference  in  ill-conditioned  pus.  It  has  an  acrid  irritating 
nature,  a  fetid  smell,  and  much  less  consistence  than  good- 
conditioned  pus.  That  secreted  by  what  is  called  the  hos- 
pital sore  has  been  examined  by  Mr.  Cruickshanks.  It  pos- 
sessed most  of  the  properties  of  good-conditioned  pus.  Its 
fetid  odour  was  not  destroyed,  but  changed  by  lime  water: 
it  was  increased  by  sulphuric  acid  or  alcohol;  but  was  des- 
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troyed  by  nitric  acid  and  nitrate  of  mercury,  by  perchloride  Cha>.  H. 
of  mercury  and  chlorine.    These  latter  substances,  there-  "^ 

fore,  are  considered  by  Cruickshanks  as  the  proper  washes 
for  destroying  the  foetor  of  ill-conditioned  ulcers. 

III.  Matter  $/  cantor.-— This  matter  has  been  examined  Mttter 
by  Dr.  Crawford.  It  changes  some  vegetable  blues  to  green,  f*><*(n^  ^ 
indicating  the  presence  of  an  alkaline  base.    When  treated  dcaqribedr' 
with  sulphuric  acid,  a  gas  is  extricated,  having  the  proper- 
ties of  hydrosulphuric  acid  (sulphuretted  hydrogen).  Dr. 
Crawford  supposes,  that  this  acid  exists  in  the  matter  com- 
bined with  potash.    Its  odour  is  completely  destroyed  by 
chlorine.  Hence  this  supporter  is  recommended  as  the  best 

wash  for  cancerous  ulcers. 

IV.  Expectorated  tnatter.'^'Dr.  Pearson  has  examined  Expeeton- 
with  much  care  the  different  kinds  of  expectorated  matter,  ^  matter. 
of  which  he  enumerates  seven.  All  these  kinds,  excluding 

true  pus,  he  finds  to  consist  of  water,  holding  in  solution  a 
quantity  of  albumen  in  a  state  of  combination  with  potash, 
together  with  a  number  of  salts  in  small  proportion,  and 
traces  of  sulphur,  phosphorus,  and  oxidized  iron. 


SECTION  H. 

OF  THE  UQUOR  OF  DROPSY. 

1.  This  liquor  has  a  yellowish-green  colour,  and  is  some-  Liquor  of 
times  transparent  and  sometimes  turbid.  A  colourless  It-  ^^  ^^' 
quor,  extracted  from  a  dropsical  patient  and  examined  by 
IVurzer,  was  found  to  contain  albumen,  mucus,  hydrosul- 
phuric acid  (sulphuretted  hydrogen),  phosphate  of  lime, 
chloride  of  sodium  (common  salt),  and  soda.  Dr.  Bostock 
analysed  a  liquor,  obtained  by  puncturing  a  tumour  on  the 
spine,  and  found  it  composed  of  the  following  constituents. 
Water  97*8 

Chloride  of  sodium  (muriate  of  soda)   IK) 
Albumen  0*5 

Mucus  and  gelatin  0*7 

Lime  trace 

100-0 
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SECTION  III. 


liquor  of 
blisters. 


LK^UOR  OF  BUSTKRS. 

Constitu-        1 .  Margueron  has  ascertained,  that  this  liquor  is  composed 

ents  iifihe  Qf  iYii»  following  constituents. 

Water  7B 

Albumen  18 

Chloride  of  sodium  (muriate  of  soda)  2 
C'irbon<ite  of  soda  1 

Phosphate  of  lime  1 

100 


Conere- 
tions  with 
bu&is  of 
ph  rsi>hHte 
of  lime  aref 

1.  Pineal 

eoncre- 

tioiis. 

8.  salifary 

ooiiore- 

tiODS. 


3.  Polmo- 
nary  con 
creticms. 


b.  Morbid  Concretions* 

These  arc,  Concretions  with  basis  of  phosphate  of  lime^ 
Biliary  Concretions,  Urinary  Concretions,  and  Gouty  Con* 
cretions* 

SECTION  IV. 

CONCRETIONS  WITH  BASIS  OF  PHOSPHATE  OF  LIME.- 

-   Under  this  title  may  be  enumerated  the  following  con- 
cretions. 

I.  Pineal  concretions.'^^mM  concretions,  about  the  size 
of  grains  of  sand,  are  frequently  found  in  that  part  of  the 
brain,  called  the  pineal  gland.  Dr.  Wollaston  has  ascertain- 
ed that  they  are  composed  of  phosphate  of  lime. 

II.  Salivary  concretions. — Small  concretions  are  some- 
times found  in  the  salivary  glands,  especially  the  pafotid 
and  8ul)lingual.  By  the  experiments  of  Wollaston,  Four- 
croy  and  others,  it  is  ascertained,  that  these  bodies  are 
composed  of  phosphate  of  lime,  together  with  a  mem- 
branous substance,  which  remains  undissolved,  preserv- 
ing the  shape  of  the  concretion,  after  the  phosphate  is  re- 
moved by  the  action  of  an  acid.  The  pancreatic  concretions 
are  supposed  not  to  diifer  from  these  concretions. 

Hi.  Pulmonary  Concretions.'^mM^  round,  white  con- 
cretions are  frequently  coughed  up  by  persons  suffering  un- 
der diseases  of  the  lungs.  They  are  found  generally  to  con- 
sist of  ^  phosphate  of  lime,  united  to  a  membranous  sub- 
stance, which  remains  and  retains  the  shape  of  the  concre- 
tion, after  the  phosphate  itself  is  removed  by  a  corrosive 
acid.  Occasionally  these  concretions  have  been  found  to  he 
composed  of  carbonate  of  lime* 
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Chap.  1L 

SECTION  V.  

OF  BILIARY  CONCRETIONS,  OR  GALL-STONES. 

1.  Concretions  occasionally  form  in  the  gall-bladder,  Biliary  oon- 

and,  by  getting  into  the  gall-duct,  P'cv'^'*^  *^  A^^  ^f  *^fil»Sn*rii'the 
bile  into  the  intestines,  and  are  thereby  a  cause  of  jaundice,  nii-blad- 
It  is,  therefore,  of  some  importance  to  the  practitioner  to  '^^^• 
be  acquainted  with  the  chemical  nature  of  these  substances. 

2.  Several  different  kinds  of  biliary  concretions  hsive  been  They  are 
distinguished,  founded  upon  their  external  characters.  UndiT"* 

3.  One  species  has  a  white  colour,  and  a  crystallized, 
shining,  lamellated  structure.  Occasionally  its  colour  is  yel- 
low or  greenish.  One  only  of  this  kind  of  biliary  concretion 
is  found  at  a  time  in  the  g^ll-bladder.  It  is  sometimes  as 
large  as  a  pigeon's  egg,  but  generally  much  smaller.  It  is 
formed  invariably  upon  a  nucleus  of  inspissated  bile.  Its 
specific  gravity  is  less  than  that  of  water.  When  exposed  to 
a  heat  of  about  278^,  it  softens  and  melts,  assuming  the  ap- 
pearance of  oil  and  giving  out  at  the  same  time  the  odour 
of  melted  wax.  When  the  heat  is  withdrawn,  it  again  crys- 
tallizes as  it  solidifies.  It  is  insoluble  in  water,  but  dis- 
solves in  hot  alcohol,  from  which  it  deposites  in  brilliant 
plates  upon  cooling.  It  is  soluble  also  in  oil  of  turpentine. 
From  these  facts,  it  is  evident,  that  this  species  of  concre- 
tion is  composed  of  a  peculiar  matter.  This  matter,  from 
its  resemblance  both  to  fat  and  wax,  was  called  by  Four- 
croy  adipocire.  Chevreul,  however,  has  examined  it  more 
lately,  and  finds  it  to  possess  properties,  distinct  from  those 
of  adipocire,  and  proposes  to  cadi  it  choleAterine*  Pelletier 
and  Caventou  have  investigated  the  action  of  nitric  acid  on 
this  substance,  and  find  that  it  becomes  converted  into  a 
peculiar  acid  substance,  which  they  propose  to  call  choles-  . 
teric  acid.  This  new  acid  is  capable  of  forming  salts  widi 
the  different  salifiable  bases. 

4.  Biliary  concretions,  belonging  to  the  species  next  to 
be  noticed,  have  a  polygonal  shape,  and  light  greyish-brown 
colour.  When  broken  they  exhibit  a  structure,  composed  of 
an  exterior  thin  crust,  consisting  of  concentric  layers  alter- 
nately crystallized,  and  enveloping  a  nucleus,  formed  of  a 
substance  resembling  granulated  honey.  Dr.  Thomson  ana- 
lyzed six  gall-stones  of  this  kind,  and  found  them  to  con- 
tain 96  per  cent,  of  adipocire*  The  remainder  was  made  up 
of  some  picromel,  and  a  very  small  portion  of  a  substance 
resembling  albumen. ' 

5.  Besides  these  kinds  of  biliary  concretions,  Thenard 
has  described  a  species  consisting  of  altered  matter  of  bile; 


574  AVALYSIS  OP  MORBID  PB<M>UCT8. 

Past  ii.  and  Dr.  Saunders  another,  the  atones  belonging  to  which 
J!22Li!L.are  insoluble  both  in  alcohol  and  spirits  of  turpentine,  are 
not  inflammable,  but,  when  exposed  to  heat,  become  red, 
and  waste  away  to  ashes. 


SECTION  VI. 

OF  URINARY  CONCRETIONS. 

UrioaiT  ^*  ^"^  ^^  ^^^^  known,  that  concretions  sometimes  fi>rm  in 

ooneretkNis  the  human  bladder,  and  give  rise,  by  their  presence,  to  one 
are  Moh  «•  ^jp  ^  ^^^^  painful  disesscs,  to  which  the  body  is  liable. 

form  in  the       Z^.  *^,  ..i  •  ''ii_ 

bladder.         2.  At  an  early  period,  these  concretions  engaged  the  at- 
tention of  physicians  and  chemists;  in  the  hope,  that  the  in- 
vestigation, by  ascertaining  their  constituenu,  might  lead  to 
the  discovery  of  the  proper  solvents  when  the  stone  is  al- 
ready formed,  or,  when  the  tendency  only  to  the  formation 
is  manifested,  of  the  appropriate  means  of  prevention- 
First  Mca-       3*  Very  little  advance  was  made  in  the  inveatigatioo, 
rateij  exa-  until  Scheele,  in  1 776,  published  a  dissertation  on  the  subject 
S^hMieand^  the  Stockholm  Transactions;   which  was   foUowed  by 
Beivman  in  some  remarks  by  Bergman.   No  very  important  additions 
werefou^   Were  made  to  the  observations  of  Scheele  andv  Bergman, 
lowed  in      Until  1797,  when  Dr.  WoUaston's  experiments  aadobacrva- 
^ti  ^"^k  *^'  ^^°8  appeared  in  the  Philosophical  Transactions,  foUowed 
^o?iMton  the  next  year  by  a  paper  from  Dr.  Pearson  on  the  same 
»  1797;  by  subject.    The  labours  of  these  chemists  were  succeeded  by 
i^^by*''  a  most  complete  dissertation  on  urinary  calculi  by  Fourcroy 
FoarcrojScand  Vauquelin  in  1799;  in  the  course  \of  which,  these  che- 
in" 7l!shMid ™is^  8^^^  ^^c  result  of  their  analysis  of  500  calculi.    In 
by  Brande  1808,  Brande  published  a  paper  in  the  Philosophical  Trans- 
m  1808.      actions,  in  which  he  gives  the  result  of  the  analysis  of  150 
calculi  from  the  Hunterian  Museum. 

4.  Urinary  calculi  are  very  various,  both  in  their  exter- 
nal appearance  and  in  their  composition.  It  would,  there- 
fore, be  impossible  to  describe  them  in  general  terms.  It  is 
Eroposed  first  to  give  an  account  of  all  the  substances 
itherto  discovered  in  calculi,  and  afterwards  the  descrip- 
tion of  the  diifcrent  species  of  these  concretions,  as  founded 
upon  their  various  chemical  constitutions. 
Bieren  sub-  ^*  '^^^  substances,  heretofore  discovered  in  urinary  cal- 
stftnees       culi,  are  the  following: 

have  been  i.  Urie  acid.  6.  Magneiia. 

deteeted  in  3.  Phoaphate  of  lime.  7.  Phoipbate  of  iron. 

^tah,  3.  Phoaphate  of  magneaia-and-  8.  SiUea. 

ammonia.  9.  Urea. 

4.  Oxalate  of  Ii  me.  1 0.  CisUo  oxide. 

5.  H3rdroohlorate  (mariato)  of  11.  Macaa. 

ammonia. 


UIUHART  CONCSVnOlfS.  rrr  c 

[!•]  It  has  already  been  mentioned,  that  uric  acid  was  Cbap.ii. 
discovered  by  Schecle,  ivhile  analyzing  urinary  calculi.    ItJT'uricacid 
is  by  far  the  most  characterisUc  ingredient  of  urinary  con-diiooYcrcd' 
crttions*   All  those  analyzed  by  Scheele  consisted  <^utirely 'jV^l™  ^^ 
of  this  acid*  It  was  found  in  almost  all  the  calculi  analyzed 
by  Pearson,  Fourcrov  and  Vauquclin,  and  Brande,  in  larger 
or  smaller  amount.  Of  150  concretions  analyzed  by  Brande, 
sixteen  were  found  entirely  composed  of  this  acid.    The 
presence  of  uric  acid  is  easily  manifested  by  dissolving  any 
calculus  in  a  solution  of  potash  or  of  soda,  and  precipitating 
the  solution  formed  by  the  addition  of  a  weak  acid.    The 
precipitate,  if  it  consist  of  uric  acid,  will  form  the  pink  so- 
lution of  purpurate  of  ammonia  with  nitric  acid. 

2.]  Phosphate  of  lime  was  first  detected  as  an  ingredient  s.  Phot. 
of  urinary  calculi  by  Bergman.  It  was  afterwards  found  by  ^||f^^i(j!L 
other  chemists,  but  Wollaston  was  the  first  to  discover  cal-  detected  hj 
culi  entirely  composed  of  this  salt*    They  were  of  a  brown  Bersman. 
colour,  smooth  externally  and  polished,  and  composed  of 
concentric  layers,  easily  separable  from  each  other*   Calculi 
of  the  same  chemical  nature,  examined  by  Fourcroy  and 
Vauquelin,  were  white,  friable,  and  stained  the  hands* 

[3.]  Calculi,  containing  phosphate  of  magnesia-and-am-  s.  Ammo- 
monia,  were  first  noticed  by  Tennant,  but  were  afterwards  J^^ 
more  fully  investigated  by  Wollaston,  and  Fourcroy  and  dusdmUl 
Vauquelin*   This  triple  salt  usually  occurs  in  white  semi- 
transparent  layers,  but  sometimes  on  the  surface  of  the  cal- 
culus in  crystals* 

[4.]  Oxalate  of  lime  was  first  detected  in  urinary  calculi  4.  Oidate 
by  Dr.  Wollaston.  Its  presence  characterizes  the  species  of  ^^™^^^ 
this  concretion,  previously  denominated  mulberry  calculi  i^^f^l^.^ 
from  their  shape*   Calculi  of  this  kind,  examined  by  Dr.  ^^ttm. 
Wollaston,  contained  also  phosphate  of  lime  and  uric  acid; 
but  Fourcroy  and  Vauquelin  found  some  of  this  species 
combined  only  with  animd  matter. 

[5*]  Hydrochlorate  (muriate)  of  ammonia  was  first  de-  s.  Hjdroeh- 
tected  in  calculi  by  Brande;  who  considers  this  to  havei^i^?^ 
been  in  reality  the  ammoniacal  salt  present  in  urinary  cal-fimnotioed 
culi,   announced  as  a  urate  by  Fourcroy  and  Vauquelin.  **y  ^fwide. 
Accordingly  Brande  does  not  believe,  that  any  such  salt  as 
urate  of  ammonia  exists  in  concretions  of  the  bladder. 

[6.]  Alemani,  an  Italian  apothecary,  has  detected  magne-  6.MftgDc«m 
sia  and  phosphate  of  iron  in  a  urinary  calculus,  which  he*''^'''^*^ 
subjected  to  analysis* 

[7.]  Silica,  mixed  with  phosphate  of  lime,  and  occuringr.siUeiL 
in  calculi  of  the  mulberry  species,  has  been  detected  in  two 
urinary  concretions  only  of  600,  which  were  examined  by 
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Past  n.    Fourcroy  and  Vauquelio.   These  calculi  were  particularlf 
Book  IIL  hard  \^  th^jr  texture. 

8.Um6nt  [^0  ^^^  presence  of  urea  in  calculi  was  first  ascertained 
detected  1^  experimentally  by  Brande.  Fourcroy  and  Vauquelin,  hov- 
Prande.  ever,  bad  previously  suspected  its  existence  in  them*  It  may 
be  obtained  from  the^alculi  which  contain  it,  by  digcstioa 
in  water  or  alchohol,  and  subsequent  evaporation. 
9.Cntic  [^*]  ^^*  Wollaston  has  detected  a  peculiar  substance   in 

oxide.         calculi,  to  which  he  has  given  the  name  of  cistic  oxide*   A 
small  calculus,  entirely  composed  of  this  substance,  was 
white,  dense  and  brittle.    It  dissolved  both  in  acids  and  in 
solutions  of  potash  or  soda,  and  formed,  with  either,  crys- 
tallizable  compounds.    It  was  insoluble  in  water,  alcohol  or 
ether.    When  treated  with  nitric  acid,  it  formed  a  solution, 
which  was  not  pink-coloured,  and  from  which  the  oxide 
might  be  precipitated  by  the  addition  of  water.   When  dis- 
tilled, it  yielded  carbonate  of  ammonia  and  oil;  and  the  re* 
sidue  consisted  of  a  small  portion  of  phosphate  of  lime. 
10.  Animal     [l^*]  ^^  calculi  contain  more  or  less  of  an  animal  mat- 
matter,       ter,  which  serves  as  a  cement  to  keep  together  their  other 
ingredients.    This  matter  had  been  considered  to  be  albu- 
men, but  the  more  probable  opinion  is,  that  it  is  some  modi- 
fication of  mucus,  derived  from  the  bladder. 

6.  Having  thus  given  short  notices  of  the  different  sub- 
stances heretofore,  discovered  in  calculi,  it  will  be  next  pro- 
per to  give  the  classification  of  these  bodies,  as  devised  by 
different  chemists. 
Oiaatifiea-        7*  By  far  the  most  complete  classification  of  calculi  is 
tion  of  oal- that  pursued  by  Fourcroy  and  Vauquelin,  founded  upon  the 
^areroy  k  results  of  the  examination  of  600  urinary  concretions.  These 
VauquehD   chemists  divide  them  into  three  genera  and  twelve  species. 
^^'  "  The  following  is  their  arrangement: 

Genus  I.  Calculi  composed  of  one  ingredient. 
Sp.  1.  Calculi  composed  of  uric  acid. 
Sp.  2.  urate  of  ammonia. 

Sp.  3.  oxalate  of  lime. 

Genus  II.  Calculi  composed  of  two  ingredients. 
Sp.  1.  Uric  acid  and  the  phosphates  in  layers. 
Sp.  2.  Uric  acid  and  the  phosphates  mixed. 
Sp.  3.  Urate  of  ammonia  and  the  phosphates  in  layers. 
Sp.  4.  Urate  of  ammonia  and  the  phosphates  mixed. 
Sp.  5.  The  phosphates  mixed  or  in  layers. 
Sp.  6.  Oxalate  of  lime  and  uric  acid  in  layers. 
Sp.  7.  Oxalate  of  lime  and  the  phosphates  in  layers. 
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Genus  III.  Calculi  containing  more  than  two  ingredients^  Chap.1L 

Sp.  1.  Uric  acid  or  urate  of  ammonia,  the  phosphates  and 
oxalate  of  lime. 

Sp.  2.  Uric  acid,  urate  of  ammoniai  the  phosphates  and 
silica. 

The  following  are  the  characters  of  these  different  spe- 
cies: 

Sp.  1.  l7Hc  acirf.— Colour  that  of  wood,  with  various  Ffftt,  or 
shades  of  red  and  yellow.  Surface,  usually  smooth  and  po-  iJJJ*£!^ 
lished.  Texture,  laminar  and  radiated,  compact  and  fine* 
Specific  gravity,  from  1*276  to  1*786.  Soluble  in  solutions 
of  potash  or  soda,  without  emitting  the  odour  of  ammonia* 
This  species  is  by  far  the  most  common  of  all.  Of  the  600 
calculi  examined  by  Fourcroy  and  Vauquelin,  one  in  every 
four  belonged  to  this  species. 

Sp.  2.  Urate  o/*  ammorif a.-^Colour  brownish- white.  Sur*  Seecmd  tpe- 
face  often  crystallized.  Texture  laminar.  Laminse  easily  ^^* 
separable.  Specific  gravity,  from  1*225  to  1*720*  Soluble  in 
hot  water,  especially  if  in  the  state  of  powder.  Solution  in 
potash  or  soda  attended  by  the  odour  of  ammonia*  This  is 
a  very  uncommon  species*  Brande  considers  the  calculi  be-> 
longing  to  it  to  be  in  fact  composed  of  uric  acid,  urea  and 
hydrochlorate  of  ammonia* 

Sp.  3.  0;ca/a^r  o/*/rmr*— -Colour  soot-brown*  Surface  co- Third,  or 
vered.with  pointed  or  rounded  protuberances,  and  ^enccJJJ^^^ 
called  the  mulberry  species.  1  exture  dense  and  hard,  re: 
sembling  ivory.  When  sawn  asunder,  emitting  the  odour  of 
semen.  Specific  gravity,  from  1*428  to  1*976.  Insoluble  in 
potash  or  soda,  but  soluble,  with  difficulty,  in  acids.  When 
burnt,  leaves  a  residue  of  carbonate  of  lime*  This  species 
occurs  frequently. 

Sp.  4.  Uric  acid  and  the  phosphates  in  /a^^r^.— -Surface  Foarthtpe- 
white  like  chalk,  or  sparry  and  semitransparent,  according  ^^ 
as  the  exterior  layer  happens  to  consist  of  the  phosphate  of 
lime,  or  of  the  phosphate  of  magnesia.  Often  large.  When 
cut  asunder,  a  nucleus  of  uric  acid  presents.  Specific  gravi- 
ty very  variable.  One  in  every  fifty  calculi  may  be  consi- 
dered as  consisting  of  this  species. 

Sp.  5.  Uric  acid  and  the  phosphates  mixed.^^Th\s  species  Fifth  ipt- 
is  very  variable  in  its  appearance.    Specific  gravity  from*'*** 
1*213  to  1*739.  Its  proportional  occurrence  is  about  one  in 
every  forty  calculi. 

Sp.  6.  Urate  of  ammonia  and  the  phosphates  in  layers.''^  Sixth  tpc- 
This  species  does  not  differ  in  external  appearance  from  the®*"* 
fourth  species;  but  when  cut  asunder,  it  presents  a  nucleus 
of  urate  of  ammonia.  It  is  not  a  common  species.  ^^      . 

Sp.  7.  Urate  of  a?nmonia  and  the  phosphates  mixed. — ^This  gpeciet. 
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PabtII.  Species  resemUcs  the  fifths  but  may  be  dis&iguiBhed  irom 
Book  III,  j^  y^y  emitting  the.  odour  of  ammonia  when  treated  with 
potash.  The  calculi  belonging  to  this  species,  are  small  and 
rather  uncommon. 
Eighth  spe-     Sp.  8.  The  phosphates  mixed  or  in  Jiav^rt.— This  species 
^^*  ts  white  like  chalk,  friable,  and  soils  tm  fingetv  like  that 

substance.  Texture  laminar;  laminse  easily  separable.  Thin 
l^rers  of  phosphate  of  magaesia^and-ammonia,  sparry  and 
semitransparent,  often  interspersed.  Specific  gravity  from 
1*138  to  1*471*  Soluble  in  acids,  but  insoluble  in  potash  or 
soda.  It  occurs  in  the  proportion  of  one  in  fifteen  of  the  cal- 
culi, examined  by  Fourcroy  and  Vauquelin. 
Nhkth  ipe-  Sp.  9.  Oxatate  ofJime  and  uric  acid  in  /ayer».«*This  ape- 
^^^  dtB  occurs  either  composed  of  a  nucleus  of  oxalate  of  lime, 

covered  by  a  layer  of  uric  acid,  or  of  a  calculus  of  the  mul- 
berry species,  covered  with  a  layer  of  the  same  acid.  These 
varieties  are  easily  manifested  upon  sawing  the  calculus  in 
two.  It  occurs  in  the  proportion  of  one  in  thirty. 
Tenth  spe-  Sp.  lOw  Oxalate  of  lime  and  the  phosphates  in  /tiycr#«-» 
^^'  This  species  is  characterized  by  a  nucleus  of  oxalate  of 

lime,  covered  with  a  coat  of  the  phosphates.  It  agrees  in  ex- 
ternal appearance  with  several  of  the  species,  but  its  pecu- 
liar nature  is  rendered  obvious,  when  the  calculi  belonging 
to  it  are  cut  asunder.  Next  to  the  uric  species,  this  kind  oc- 
curs most  frequently  in  urinary  calculi;  being  in  the  propor- 
tion of  one  in  five  of  those  examined  by  Fourcroy  and  Vau- 
quelin. 

EiereDth         ^P*  1^*  ^'"'^  ^^^  ^^  urate  of  ammonia^  the  phosphate9^ 
Bpeeiei.       and  Oxalate  0/*iim^.~^alculi  oi  this  species  have  a  nucleus 
of  oxalate  of  lime,  covered  by  a  layer  of  uric  acid,  urate  of 
ammonia,  or  a  mixture  of  both,  with  an  external  coat  of  the 
phosphates. 
Twelfth         Sp.  12.  Uric  acid^  urate  of  ammonia^  the  phosphates  and 
•pedes.      ^/ica.«— Calculi  belonging  to  this  species  have  a  nudeua, 
coniiposed  of  silica  and  phosphate  of  lime,  covered  by  a  layer 
of  uric  acid  and  urate  of  ammonia,  with  an  exterior  coat  of 
the  phosphates.  Calculi  belonging  to  this  species  will  resem- 
ble those  of  several  other  species.    Their  distinctive  nature 
depends  upon  their  internal  arrangement.  They  are  of  very 
rare  occurrence,  four  only  having  been  heretofore  observed. 

Arrange-  8*  T^^  arrangement  of  Fourcroy  and  Vauquelin  of  uri- 
mentof  nary  calculi  is  certainly  very  complete  and  satisfactory. 
•^  v^  Having  had  the  advantage  of  examining  a  larger  number  of 
qaeiin,  very  these  concretions  than  any  other  chemists,  their  opportuni- 
complete;  ^j^^  ^^j.^  greater  to  observe  the  proportional  occurrence  of 
WoIImumi  calculi  chemically  the  same.  In  a  practical  point  of  view, 
aliipp!rand  **°w^ver,  SO  minute  a  division  of  calculi,  as  adopted  by 


imiNABY  GOMCRBTiONS.  579 

tkase  cIie»Mto,  cut  hardly  be  deeoied  of  advantage.  The  Cha>.  h. 
Ibllowbg  arratigemeftC  by  Dr.  WoUaaton,  in  this  respect,  —^1^1. 
answers  Bsuch  better.  Calculi  are  divided  by  this  chemist  S^Mm^  * 

into  caleuli  loto 

I.  Urk  cofcu/u— Under  this  name^  are  included  such  cal- 1-  Une  cal- 
culi as  are  wholly  or  chiefly  composed  of  uric  acid.  This  ^^' 
species  may  be  considered  as  corresponding  with  Fourcroy 

rad  Vaoquelin's  first  species.  Calculi  belonpng  to  it  are 
completely  soluble,  or  very  nearly  so,  in  solutions  of  pure 
potash  or  soda. 

II.  FnsHie  ctffcti£.-»Thi8  species  includes  such  calculi  as  3.  Fodbu 
are  oomposed  chiefly  of  phosphate  of  lime,  and  phosphate  ^®^'^' 
ei  magnesia-and-ammonia.  It  may  be  considered  as  corres- 
ponding, perhaps,  with  the  4th,  5th,  Ml,  7th^  10th,  1 1th  and 

13th  species  in  the  arrangement  of  Fourcroy  and  Vauque- 
lin.  The  calculi  belonging  to  it  are  distinguished  by  melting 
into  a«  enamel  before  the  blowpipe.  They  are  completely 
soluble,  or  nearly  so,  in  hydrochloric  acid. 

III.  Mulberry  co/bi/r.-— Under  this  name   are  included  3-  Malber- 
by  Dr.  Wolkston,  such  calculi  as  are  composed  chiefly  of^^^^'* 
oxalate  of  Itme^  or  of  oxalate  of  Ume  and  phosphate  of  lime. 

This  kind  corresponds  with  the  3d,  10th  and  perhaps  the 
9th  species  of  Fourcroy  and  Vauquelin's  arrangement.  They 
dissolve  slowly,  but  completely  or  nearly  so,  in  hydrochloric 
acid.  When  there  is  any  residuum,  it  consists  of  uric  acid. 

IV.  Bone^earth  cafcti£.— -Under  this  epithet  are  included  4  Bone- 
by  Dr.  WoUaston,  all  calculi  which  are  composed  chiefly  of  ^H?*^  ^' 
phosphate  of  lime.  This  kind  may  be  considered,  perhaps^ 

as  corresponding  with  the  8th  species  in  Fourcroy  moA 
Vauquelin's  arrangement.  These  calculi  are  soluble  in  hy- 
drochloric acid. 

9.  By  comparing  the  composition  of  urinary  calculi  with  An  the  io- 
that  of  urine,  it  will  be  found,  that  all  the  ingrediento  of  ^^ 
these  concretions  are  present  in  this  animal  liquid,  except  are  foand 
<yxalate  of  lime,  phosphate  of  iron,  and  cistic  oxide.  The  |^p[^.^'' 
phosphate  of  iron  is  given  on  the  authority  of  a  single  ana-  lateofiime, 
lysis,  and  is  certainly  an  ingredient  in  calculi  of  very  rare  5f?"**J^ 
occurrence.  Too litde  is  known  of  the  manner  in  which  the aitioaskle. 
constituents  of  cistic  oxide  are  combined,  to  allow  of  a  con- 
jecture to  be  formed  of  the  probable  source  of  this  peculiar 
substance.    The  oxalic  acid  found  in  calculi  is  probably 
formed  from  uric  acid;  for  Brugnatelli  has  observed,  that 
oxafic  acid  is  instantaneously  formed,  when  chlorine  is  pas- 
sed through  water  holding  uric  acid  in  solution. 

10*  As  to  the  manner  in  whioh  urinary  calculi  originate, 
it  mav  be  remarked,  that,  as  far  as  observation  has  gone,  it 
would  appear  that  uric  acid  is  formed  in  the  kidneys.  The 
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Pabt  II.  calculous  (^nules,  emitted  by  persons  labouring  under 
Book  UI.  phritic  complaints,  are  found  to  consist  of  this  acid.  It  i», 
therefore,  probable,  that  uric  calculi  are  not  formed  origi- 
nally in  the  bladder;  but,  by  descending  from  the  kidneys 
yet  of  small  size,  become  the  nucleus  of  a  future  calculus 
in  that  viscus. 
CaloDii  miij      1 1«  Fourcroy  and  Vauquelin  have  made  a  number  of  ex* 
*«? "**t'of  P*^*™*^****i  ***  order  to  ascertain  how  far  it  would  be  pracd- 
thebody.    cable    to  dissolve    urinary  calculi,   by    injecting   solvents 
^•oj^tions  through  the  urethra.  As  far  as  solvents  arc  concerned,  these 
iMsesor"^  concretions  may  be  arranged  under  three  heads:  1.  Calculi 
aeidt,  to     composed  of  uric  acid  or  of  urate  of  ammonia;  2.  Those 
be  beid  in   composed  of  the  phosphates;  and  3.  Those  composed  of 
Uie  mouth  oxalate  of  lime*  Solutions  of  pure  potash  or  soda,  so  weak 

^JJJ^°2J°'  ^s  ^^^^  ^'^^y  "^^y  ^  ^^^^  ***  ^^^  irouth  without  inconveni- 
coee.  ence  and  swallowed  without  pain,  dissolve  readily  calculi 

of  the  first  kind.  Nitric  or  hydrochloric  acid,  so  ntuch  di- 
luted as  to  cause  no  inconvenience  when  swallowed,  dis- 
solves very  quickly  calculi  of  the  second  kind.  The  third 
kind  are  of  more  difficult  solution.  Such  calculi,  however, 
dissolve  slowly  in  nitric  acid,  and  in  solutions  of  the  carbon- 
ates  of  potash  or  of  soda,  so  much  diluted  as  not  to  irritate 
the  bladder. 
TheM  sol-       12.  It  is  proposed  by  these  chemists  to  inject  the  solvent, 
noikStoTc*^  the  blood  heat,  into  the  bladder,  previously  emptied  of 
Sheeted  in.  urine.  In  ordtfr  to  ascertain  the  proper  solvent,  they  propo- 
to  the  biad-  ged  first  to  inject  a  weak  solution  of  potash,  the  solvent  pro- 
per for  calculi  of  the  most  frequent  occurrence.  After  the 
injection  has  remained  for  half  an  hour  or  longer,  it  is  to 
be  discharged,  filtered,  and  tested  by  means  of  hydrochlo- 
ric acid.  If  any  uric  acid  has  been  dissolved,  it  will  be 
thrown  down  by  this  test  in  the  form  of  a  white  powder* 
If  no  indication  of  the  presence  of  uric  acid  exists,  and  that 
^ter  the  solution  of  potash  has  been  used  for  several  days; 
it  is  next  proper  to  proceed  as  if  the  stone  present  was  com- 
posed of  the  phosphates,  and  accordingly  to  inject  hydro- 
chloric acid,  diluted  to  the  proper  degree.  Should  the  stone 
prove  to  be  composed  of  the  phosphates,  then  by  testing 
the  solvent,  after  being  returned  from  the  bladder,  by  am- 
monia, phosphate  of  lime  will  precipitate.  If  this  should 
not  be  the  case,  the  last  resort  is  to  proceed  in  the  manner 
proper  for  the  mulberry  calculus,  and  inject  a  properly  di« 
luted  nitric  acid.  In  case  any  of  the  solvents  succeed  for 
some  time  and  afterwards  cease  to  have  effect,  they  should 
be  changed  for  others,  until  the  proper  solvent  may  be  hit 
upon,  to  suit  the  chemical  nature  of  the  particular  coat  of 
the  concretion  which  may  present  exterioiiy. 
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Chap.  IL 


SECTION  VII.  

OP  GOUTY  CALCULL 

1.  It  18  well  known,  that  certain  concretions  are  formed  Gouty  m1- 
in  the  joints  of  persons  long  subject  to  the  gout,  which,  Jf  ^^J?"^ 
from  their  white  colour  and  softness,  are  generally  called  mmIa. 
chalk  stones.  These  concretions  were  first  analyzed  in  1797 
by  Dr.  Wollaston,  who  found  them  composed  of  urate  of    \ 
soda* 

Having  thus  finished  the  consideration  of  all  the  parts 
and  products  of  the  human  body,  which  have  been  observed 
with  any  degree  of  accuracy;  it  may  conduce  to  give  a  cor- 
rect comparative  idea  of  their  chemical  nature,  to  present 
a  synoptical  view  of  their  constituents.  Such  a  view  is  at- 
tempted to  be  given  in  the  annexed  table. 


A.  Extractive  is  excluded  from  the  enameration  of  the  ia- 
gredients  of  muscle  and  miurow,  as  not  being  suffcie&t- 
ly  characterized. 

B.  The  true  skin  is  composed  of  gelatin,  and  the  cutide  of 
modified  albumen. 

C.  The  reader  will  recollect,  that  chyle  contains  a  substance, 
considered  as  intermediace  between  albumen  and  fibrin. 

D.  To  understand  the  ultimate  constituents  of  blood  as 
given  in  the  table,  it  is  necessaiy  to  recollect,  that  phos- 
phorus, calcium,  magnesium  and  iron  are  considered  as 
constituents  of  die  colouring  matter  of  this  liquid. 

E.  The  colouring  matter  of  the  blood  is  not,  strictly  speak* 
ing,  an  ingredient  in  the  lens,  but  a  matter  having  all  the 
properties  of  this  substance,  except  colour:  see  page  556. 

F.  It  is  the  curdy  part  of  milk  which  is  considered  as  al- 
bumen, although  somewhat  diflPerent  in  its  properties. 
The  analysis  of  milk  given  in  the  table  is  to  be  consider* 
ed  as  of  cows*  milk* 

G.  Pus,  stricdy  speaking,  does  not  contain  albumen,  but  is 
made  up  principally  of  a  substance,  a  good  deal  allied 
to  albumen  in  properties. 

H.  If  Chevreul's  opinidn  should  prove  to  be  correct,  then 
adipocire  is  not  a  constituent  in  gall-stones;  but  the 
substance,  taken  for  adipocire,  is  a  peculiar  one,  which 
Chevreul  proposes  to  call  cholesterine. 
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Chap.  IIT. 

''™™  CHAPTER  IIL 

IBFLBCnONS  UPON  THE  CHEMICAL  CONSTn^UTION  OP  TBB 
HUMAN  BODY. 

Ill  ^*  B**^  ^^^  assistance  of  the  table  jost  given,  the  reader 
'  ill  be  enabled  to  enter  mto  a  general  examination  of  hu- 
•  lan  animal  constituents* 

2*  By  far  the  greater  part  of  the  matter  which  composes  Chief  parii 
be  human  body  may  be  referred  to  the  general  heads  of^*^****^ 
K>ne,  of  muscle,  of  membrane,  tendon,  cartilage  and  liga-  muscle,  •' 
Bient,  of  fat,  and  of  blood*    It  is  evident,  therefore,  that  i«»(ion  and 
{elatin,  albumen,  fibrin,  oil,  and  phosphate  of  lime  are  the^t'^iJi^. 
proximate  constituents  of  the  human  body,  which  compose  heneeiu 
nearly  the  whole  of  its  substance,  whether  solid,  soft  or  li-  m^te  SJ|^*' 
quid*  Gelatin  occurs  in  bone,  though  not  in  large  amount;  •Uuienu 
it  constitutes  the  whole  of  membrane  and  tendon,  and  forms  JjJuSen^*"* 
a  part  of  canilage  and  ligament.    Albumen  enters  largely  fibrin,  uii» 
into  the  composition  of  bone,  of  cartilage  and  ligament,  and  *^y^^' 
of  blood:  it  occurs  in  small  amount  in  muscle,  while  it  is  ume. 
absent  in  membrane  and  tendon*  Fibrin  is  the  characteristic 
ingredient  of  muscle  and  of  blood;  and  is  no  where  else  to 
be  found,  unless  the  fibrous  matter,  detected  in  sinovia  by 
M argueron,  be  considered  as  this  substance*    Muscle  and 
blood  are  so  very  analogous  in  constituents,  as  to  justify  the 
remark,  so  frequently  made,  that  muscle  is  nothing  else 
than  solid  blood*    Oil  exists  in  bone,  and  composes  the 
whole  of  the  adipose  membrane;  but  is  absent  in  the  other 
principal  parts  of  the  animal  structure*  Phosphate  of  lime^ 
as  a  characteristic  ingredient,  is  peculiar  to  bone* 

3*  Besides  being  present  in  some  of  the  principal  parts 
of  the  human  body  already  mentioned,  gelatin,  somewhat 
modified,  forms  the  whole  of  the  true  skin,  and  a  part  of 
marrow  and  hair;  while  it  occurs  in  small  quantity  in  sweat 
and  in  urine,  according  to  some  experiments* 

4*  Albumen  constitutes  a  very  important  ingredient  in 
most  of  the  subordinate  parts  of  the  body*  Somewhat  mo- 
dified, it  constitutes  the  whole  of  nail  and  of  cuticle,  and 
a  part  of  brain,  of  marrow,  of  hair,  of  chyle,  of  feces,  of 
saliva,  of  bile,  of  the  mucus  of  the  nose,  of  the  cerumen  of 
the  ear,  of  sinovia,  of  urine,  of  milk  in  the  form  of  curd,  of 
all  the  serous  liquids,  and  of  pus* 

5*  Fibrin  must  be  considered  as  peculiar  to  muscle  and  Fibrin  it 
to  blood.  m  "i*"  i 

6*  Colouring  matter  of  the  blood  is  certainly  a  very  sin-  blood. 
.  gular  animal  constituent;  more  especially  if    Berzelius's 
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Paut  II.  opinioD  should  prove  to  be  correct,  that  phosphorus,  cal* 
Book  111,  cium,  magnesiuiD,  and  iron  are  constituents  in  it,  in  no  par- 
ticular state  of  combination.  As  to  what  composes  the  great 
bulk  of  this  animal  substance,  there  is  some  discrepancy  of 
opinion*  I'he  most  probable  supposition  perhaps  is,  that  it 
is  some  modification  of  fibrin.  The  singular  substance  ana- 
logous to  the  colouring  matter  of  the  blood,  found  by  Ber- 
zelius  in  the  crystalline  lens,  requires  further  investigation. 

7.  It  would  be  of  considerable  importance  to  ascertain 
the  exact  di£Fcrences  between  vegetable  and  animal  mucus. 
If  they  are  really  distinct  substances,  to  avoid  confusion  they 
should  have  different  names.  Chemists  have  distinguished 
a  vegetable  and  an  animal  jelly,  a  vegetable  and  an  animal 

'  extraciive,  a  vegetable  and  an  animal  fibrin.  A  solution  of 
vegetable  jelly  is  called  gelatinous,  as  well  as  a  solution  of 
animal  Jelly  or  gelatin.  This  want  of  precision  leads  to 
error.  Extractive  is  a  very  indefinite  term,  and  means  dif- 
ferent things  as  used  by  different  chemists.  The  term  mu- 
cilage is  frequently  employed  without  precision;  it  some- 
times means  a  solution  of  gum,  and  sometimes  a  solution 
of  mucus.  The  solution  of  the  latter  might  be  distinguished 
by  the  adjective  mucous* 

8.  It  may  be  considered  as  very  doubtful  whether  the 
peculiar  nature  of  osmazome  has  been  established.    . 

meiomei  18      9.  Picromel  may  be  considered  as  the  characteristic  in- 
tilTcJbUe^  gredient  in  bile.  It  enters  into  the  constitution  of  gall-stones. 
It  composes  also  a  very  large  portion  of  the  feces.  The  opi- 
nion of  the  excrementitious  nature  of  the  bile  is  not  with- 
out support  from  the  latter  fact. 

10.  Certain  gall-stones  have  been  considered  as  composed 
entirely  of  adipocire.  This  opinion  has  been  lately  called  ia 
question  by  Chevreul,  who  considers  that  the  gall-stones^ 
previously  supposed  to  consist  of  this  substance,  are  in  (act 
made  up  of  a  form  of  matter  not  previously  recognized, 
which  he  proposes  to  call  cholesterine. 
X7mbdi«r  11.  Urea  is  the  characteristic  ingredient  of  urine.  Tins 
netmtio  secretion  is  very  little  else  than  a  solution  of  urea  in  water. 
This  animal  substance  is  occasionally  found  as  a  consuia- 
ent  of  urinary  concretions. 

12.  Cistic  oxide  is  a  peculiar  animal  substance,  which 

occurs  as  a  very  rare  ingredi«nt  in  urinary  concretions. 

Ba^rof         13*  Sugar  of  milk  was  first  discovered  in  milk.  Its  dis- 

minc,  found  covery  in  chyle  strengthens  the  analogy  observed  between 

weUatliT  ^bese  animal  liquids,  which  have  a  number  of  other  conad- 

milk*         tuents  in  common.  A  portion  of  iron  is  detected  in  both. 

14.  Oily  substances,  varying  considerably  in  nature,  are  to 

be  found  in  the  various  parts  and  products  of  the  body.  Be- 
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ftides  the  fixed  oil,  which  constitutes  the  fat  so  universally  Chap,  ill. 
found,  filling  up  interstices  and  giving  an  uniform  figure  to  ^ 

the  body  and  limbs^  there  are  oils  peculiar  to  particular 
parts.  Marrow,  according  to  Berztrlius,  contains  a  peculiar 
fixed  oil*  Human  milk  contains  a  peculiar  oil,  which,  how-^  *^ 

ever,  is  not  concrcfte,  as  that  which  may  be  extracted  from 
cows'  milk.  Brain  and  hair  are  found  to  contain  peculiar 
coloured  oils.  Cerumen  contains  a  peculiar  oil,  and  so  also  T 

does  sweat.  Bone  possesses  an  oily  part,  which  is  not  strict'* 
ly  speaking  a  part  o^  the  bone. 

15.  According  to  Vauquelin's  analysis  of  brain,  phosphoms  Phosphonu 
enters  into  it  as  a  constituent.  It  is  difficult  to  understand,  ^j^^V^d 
how  such  a  substance  could  be  present,  without  entering 

into  some  particular  combination. 

16.  Uncombined  sulphur  has  been  detected  as  a  consti-  aDeombb- 
tuent  in  brain,  in  hair,  and  in  urine.    It  may  be  worthy  of  JjfbJwI''**^ 
inquiry,  whether  the  sulphur,  detected  in  these  substances,  hair  and 
is  derived  from  the  albumen,  which  is  one  of  their  consti-  ""i^^* 
tuents.  It  is  certain,  that  albumen  cannot  be  obtained  entire- 
ly free  from  sulphur:  but,  how  far  this  fact  may  prove  Ber- 
zelius  to  be  correct  in  asserting,  that  sulphur  is  an  essen- 
tial ingredient  in  albumen,  remains  yet  to  be  demonstrated. 
However  this  may  be,  it  is  certain,  that  uncombined  sulphur 

has  not  been  detected  in  any  animal  substance,  in  which 
albumen  has  not  been  found.  Phosphorus  and  sulphur  are 
the  only  undecompounded  substances,  in  an  uncombined 
state,  which  occur  in  animal  bodies.  Hence  they  a^  enu- 
merated in  the  table,  both  as  proximate  and  as  ultimate 
constituents* 

17.  Water  must  be  considered  as  a  very  important  con^  Water,  a 
stituent  of  animal  bodies*  It  causes  the  liquidity  of  all  those  v«t7>B<por- 
parts  of  animals,  which  require  to  have  this  state,  in  order  constituent. 
to  answer  the  purposes  for  which  they  are  intended*     It  is 

the  only  menstruum  employed  by  nature.  It  must  not,  how-* 
ever,  be  considered  as  unimportant  in  itself;  as  it  consists  of 
two  principles,  as  universally  present  in  animal  matter,  as 
any  others.  It  may,  therefore,  be  considered  as  very  mate<» 
risdly  concerned  in  nutrition. 

18.  Soda  is  an  ingredient  in  bone^  in  blood,  in  feces,  in  Soda » 
saliva,  in  bile,  in  tears,  in  the  mucus  of  the  nose,  in  ceru- JU^^J^^J  Jf 
men,  in  the  aqueous  and  vitreous  humours  of  the  eye,  and  animal  sub' 
in  sinovia*  The  portion  of  this  alkaline  base,  which  ex-'^^^*- 
ists  in  bone  and  blood,  is  very  small.     That  found  in  feces 

may  be  considered  as  derived  from  the  bile.  It  occurs  in 
tears,  on  account  perhaps  of  its  detergent  property.  The 
mucus  of  the  nose  probably  derives  its  soda  from  the  tears, 
which  are  constantlv  passing  into  this  cavity.  It  mav  be  pro- 

4  E 


536  CHEMICAL  CONSTITUTION  OP  THE  HUMAN  fiODt. 

Part  II.  per  to  remark  here,  that  Dr.  Pearson,  contrary  to  the  re- 
BooK  III,  ceivcd  opinion,  considers  potash,  and  not  soda,  to  be  the  al« 
kaline  base  present  in  the  animal  fluids. 

19.  Uncombined  lime  occurs  in  bone,  in  bile,  and  in  the 
liquor  of  dropsy;  but  in  very  minute  quantity  in  each.  This 
ingredient  cannot  be  considered  of  importance  in  animal  sub- 
stances. 

20.  Uncombined  magnesia  occurs  as  a  constituent  intone 
class  only  of  the  animal  substances,  mentioned  in  the  table; 
namely,  urinary  concretions.  But  one  calculus  has  been 
fqHpd  heretofore  to  contsun  uncombined  magnesia. 

21.  Silica  has  been  found  in  three  animal  substances  only; 
namely,  hair,  urine,  and  urinary  concretions.  It  occurs  ia 
very  minute  proportion  in  hair  and  urine.  In  concretions 
of  Uie  bladder,  it  is  a  rare  ingredient. 

Iron,  de.         22.  Traces  of  uncombined  iron,  or  of  oxidized  iron,  have 
teotod  in    \y^^^  detected  in  chyle.  The  same  metal,  together  with  man- 

ehyle;  iron  'i_i_  j*l^j-t.'  »o 

mnd  manga-  ganese,  has  been  detected  m  hair. 

n<»e,  in  25.  Chloride  of  potassium  occurs,  in  small  amount,  in 

Chloride  of  ^^^od,  in  saliva,  in  the  mucus  of  the  nose,  in  the  aqueous  and 
potaniom    vitreous  humours,  in  the  crystalline  lens,  and  in  milk;  but 
uof  i^^at  whether  as  an  essential  ingredient,  and  in  an  invariable  pro- 
animal  tub-  portion,  has  not  been  correctly  ascertained.    Chloride  of  so- 
BUiMespre.  dium  occurs  in  muscle,  in  hair,  in  chyle,  in  blood,  in  saliva, 
in  the  gastric  secretion,  in  bile,  in  tears,  in  the  mucus  of  the 
nose,  in  the  aqueous  and  vitreous  humours,  in  the  crystal- 
line lens,  in  the  liquor  of  the  pericardium,  in  sinovia,  in 
urine,  in  the  liquor  of  the  amnios,  in  the  liquor  of  dropsy^ 
and  in  the  liquor  of  blisters.  Thus  it  appears,  that  this  chlo- 
ride is  present  in  every  animal  substance,  in  which  the  chlo- 
ride of  potassium  is  found,  except  milk;  and  in  a  great  num- 
¥  ber  of  substances,  in  which  it  exists  alone.  This  very  gene- 

ral occurrence  of  chloride  of  sodium,  in  small  proportion 
in  the  animal  fluids,  favours  the  belief,  that  this  chloride  is 
rather  an  accidental  than  an  essential  constituent,  more  es- 
pecially as  it  is  introduced,  into  the  stomach,  so  universally 
with  the  food. 
Uric  acid,  a  24.  Uric  acid  occurs  in  small  amount  in  urine,  where  urea 
oliiefhigre-ig  abundant;  but  as  a  very  principal  insredient  in  urinary 

dientmcai-  .  .         u«   l  •  •  j*      ^      r^  %^ 

ouii;  but  a  concretions,  m  which  urea  is  a  rare  ingredient.  It  has  con- 
snbordmate  siderable  analogy  to  urea  in  some  of  its  properties;  and  the 
inverse  proportion,  in  which  these  two  substances  occur  in 
urine  and  in  urinary  calculi,  favours  the  opinion,  that  urea  is 
convertible  into  uric  acid,  and  by  undergoing  this  conver- 
sion gives  rise  to  the  formation  of  uric  calculi.  Besides  uric 
acid,  several  other  uncombined  acids  are  present  in  ani- 
mal substances;  as  carbonic  acid  in  bone,  urine,  and  sweaty 


one  m 
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benzoic  acid  in  urine  6nly;  and  lactic  acid  in  urine,  sweat,  Ckap.  m. 
and  milk*  — — 

25.  Of  salts,  hydrochlorate  (muriate)  of  ammonia  occurs  Salu  pre- 
in  urine  and  in  urinary  calculi,  and  no  where  else;  phos-  JJJJj^JJJ^"'' 
phate  of  ammonia,  in  brain  and  in  urine;  lactate  of  ammonia  ttanocs. 
aoid  the  sulphates  of  potash  and  of  soda,  in  urine  only;  car- 
bonate of  potash,  in  expectorated  matter;  phosphate  and  ace- 
tate of  potash,  in  milk  only;  urate  of  soda,  as  peculiar  to 
gouty  concretions;  and  carbonate  of  soda,  in  semen,  in  the 
liquor  of  the  amnios,  and  in  the  liquor  of  blisters*  The  phos- 
phate of  soda  occurs  more  generally  distributed  than  any  of 

the  salts  just  named.    It  is  found  in  muscle,  in  brain,  in 
blood,  in  bile,  in  tears,  in  the  mucus  of  the  nose,  and  in 
urine*  Lactate  of  soda  occurs  in  muscle,  in  blood,  in  saliva, 
and  in  the  mucus  of  the  nose*    Traces  of  sulphate  of  lime 
have  been  detected  in  brain  and  in  hair,  but  in  no  other  ani- 
mal substances;  and  of  carbonate  of  lime,  in  hair  and  the  li- 
quor of  the  amnios«     Phosphate  of  lime  has  already  been  Phosphiit* 
mentioned  as  constituting  the  basis  of  bone.  It  occurs  also  in  <*[  *^'°^>  . 
nail,  in  muscle,  in  brain,  in  hair,  in  chyle,  in  bile,  in  tears,  in  uo  of  bone. 
cerumen,  in  sinovia,  in  urine,  in  semen,  in  milk,  in  the  liquor 
of  the  amnios,  in  the  liquor  of  blisters,  and  as  a  common  in- 
gredient in  urinary    concretions*    Thus  this  salt,  besides 
forming  the  greater  part  of  bone  is  found  distributed,  in 
small  quantity,  in  many  animal  substances  both  solid  and 
liquid.    Oxalate  of  lime  occurs  as  an  ingredient  of  urinary  Oxalate  of 
calculi  only.  Hydrofluate  (fluate)  of  lime  is  found  as  a  con-  ^^^  1^"^. 
stituent  in   bone,  and,  in  very  minute  proportion,  in  urine*  ^^^cuh' 
Phosphate  of  magnesia  is  present  in  bone,  in  urine,  and  in  !>• 
xnilk;  while  the  ammonio-phosphate  is  found  only  in  urinary 
concretions.     Oxidized  iron  has  been  found  in  the  state  of 
phosphate  in  a  calculus,  and  in  the  state  of  lactate  in  milk. 

26.  The  uncombined  acids  have  been  noticed  already,  as  Acids  found 
being  the  uric,  carbonic,  benzoic  and  lactic  acids.  All  these  *"  w>»nj«i»» 

•  1*'  ^  Ji.     i_  •  I       •         T  1  •      ^'  unoomwn- 

acids,  except  the  benzoic,  occur  also  in  saline  combmations.  edorother- 
Besides  these  acids,  there  are  found,  always  in  a  combined  ^'^• 
state,  the  hydrochloric,  sulphuric,  phosphoric,  oxalic,  acetic, 
and  hydrofluoric  (fluoric)  acids:  so  that  the  total  number 
of  acids  found  in  animal  substances  is  ten.  Uric  acid  is 
found  combined  only  with  soda,  in  the  form  of  gouty  con- 
cretions; carbonic  acid,  only  with  potash,  soda  and  lime; 
lactic  acid,  with  ammonia,  soda  and  oxidized  iron*  Uric  and 
lactic  acids  are  exclusively  of  animal  origin.  Hydrochlo- 
ric acid  is  found  combined  with  ammonia  only;  sulphuric 
acid,  with  potash,  soda  and  lime.  Phosphoric  acid  exists 
combined  with  ammonia,  potash,  soda,  magnesia,  oxidized 
iron,  but  particularly  with  lime.  This  acid  is  by  far  the  Photphorio 
most  abundant  in  animal  substances.  The  oxalic  acid  oc-  *^>  ^^^ 


588  ANIMAL  FUNCTK>N8  ELUCIDATED  BT  CHBIOBTRT. 

Piirr  IL  curs  in  combination  with  lime,  only  in  certain  species  of 
Book  III.  urinaiy  calculi.  The  acetic  acid  combined  with  potash  has 


ftb«  nciantiT  been  detected  in  milk  by  Berzelius  alone*  The  hydrofluoric 
Pr^*^^^(  Cfiuoric)  acid  is  a  very  rare  constituent  in  aninuil  substan- 
snimaift.  ces,  and  18  always  combmed  with  lime, 
lime  the  ^^*  ^^  ^^  alkaline  salifiable  bases,  lime  is  beyond  all 
nMMt  iiban*  comparison  the  most  abundant  in  animal  substances*  Next 
dant  Miifia-  ^^  -^  comes  soda,  then  potash,  then  magnesia,  and  lasdy  am- 


ble WlM«i.  -  - 

monia,  the  three  latter  being  in  very  small  amount.  The 
only  earthy  base  heretofore  detected  in  animal  substances  is 
silica,  and  that  in  very  small  proportion. 
Oxygen, »-      ^8*  As  the  ultimate  constituents  of  animal  substances,  it 
zote,  by-     is  perceived  by  the  table,  that  oxygen,  azote,  hydrogen  and 
clri^  ^  carbon  comprise  nearly  their  whole  amount.  Phosphorus  and 
iDortabon*  calcium  are  the  next  most  abundant,  being  ultimate  consti- 
raa4^-   tuents  of  bone.  Chlorine  occurs  in  combination  with  potas- 
itknenu.    sium  and  sodium;  and  combined  with  hydrogen  forming 
hydrochloric   acid.    This    supporter   is    present  in  small 
amount  in  nearly  two-thirds  of  all  animal  substances.  Fla- 
orine  is  given  in  the  table,  on  the  supposition,  that  the  radi- 
cal of  the  hydrofluoric  (fluoric)  acid  will  prove  to  be  some 
new  form  of  matter.  Sulphur,  as  an  ultimate  constituent, 
occurs,  in  minute  quantities  only,  in  animal  substances.  Po- 
tassium, sodium,  magnesium  and  silicum  occur  nearly  in 
the  same  relative  proportions  as  potash,  soda,  magnesia, 
and  silica,  of  which  they  are  the  radicals*  Excepting  the 
alkaline  and  earthy  metals,  iron  and  manganese  are  the  oo* 
ly  metallic  bodies  found  in  animals.  Now  it  will  be  recol' 
lected,  that  these  same  metals  alone  were  detected  in  vege- 
tables. It  can  hardly  be  supposed  possible,  that  aninub 
could  contain  a  constituent,  which  did  not  exist  in  vegeta- 
bles; as  the  former,  either  directly  or  indirectly,  draw  all 
ihcir  nutritive  materials  from  the  latter. 


CHAPTER  IV. 

OP  ANIMAL  FUNCTIONS  ELUCIDATED  BY  CHEMISTRY. 

A  GREAT  deal  of  interesting  matter  might  be  arranged 
under  this  title;  but  the  proposed  limits  of  the  present  work 
will  only  permit  of  giving  a  sketch  of  what  is  known  on 
respiration,  and  some  reflections  on  secretion  and  assimila- 
tion 
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Cukr.  IV. 

SECTION  I. 

OF  RESPIRATION. 

1.  All  animals  are  furnished  with  some  contrivance  or  Aiianhnaii 
other  for  exposing  their  blood  to  the  influence  of  the  air.  J^^^wood 
This  remark  is  applicable  to  fish,  to  insects  and  to  worms,  to  the  se- 
as well  as  to  the  more  perfect  animals.  UooofMr. 

2.  The  contrivance,  in  man  and  in  the  warm  blooded  ani-  Meehaniim 
mals,  consists  in  a  cavity,  capable  of  being  increased  in  size  ^^J^ 
by  the  action  of  muscles,  and  containing  vascular  bags,  called  bed. 

the  lungs.  These  bags  are  so  arranged,  as  that  the  commu- 
nication of  the  external  air,  with  the  cavity,  must  take  place 
through  apertures  in  them,  and  in  no  other  way.  It  conse- 
quently happens,  that  when  the  cavity  is  enlarged  by  mus- 
cular action,  the  external  air  presses  into  the  bags;  but  when 
it  is  rendered  smaller,  the  contained  air  is  pressed  out;  and  it 
is  on  this  mechanical  principle,  that  breathing  is  carried  on. 

3.  What  purpose,  then,  does  this  exposure  of  the  blood  In  reipira; 
to  the  influence  of  atmospheric  air  cffectr  This  question  can  **°"*j^  ■'^ 
be  answered  only  by  investigating  the  changes,  which  are  and  the 
consequent  to  it,  upon  the  respired  air  and  the  blood;  and  ^^  •jf^*'^ 
accordingly  these  objects  of  research  have  engaged  the  at-  *  *"     * 
tention  of  numerous  chemists  and  physiologists. 

4.  Common  air,  which  has  been  respired,  is  altered  in 
the  following  particulars:  a  portion  of  oxygen  has  disap- 
peared, a  quantity  of  carbonic  acid  has  been  formed,  and  it 
is  loaded  with  water  in  a  state  of  vapour. 

5.  Taking  the  eeneral  results  of  experimenters  on  the 
subject,  it  will  be  found,  that  the  bulk  of  the  carbonic  acid, 
formed  during  respiration,  is  very  nearly,  if  not  precisely, 
equal  to  that  of  the  oxygen  which  has  disappeared.  Now  it 
is  well  known,  that  oxygen,  when  changed  into  carbonic 
acid,  does  not  alter  its  bulk;  hence  the  presumption  is,  that 
the  whole  of  the  oxygen,  which  disappears  as  uncombined 
oxygen,  enters  into  the  composition  of  the  carbonic  acid 
emitted!  This  is  a  more  probkble  opinion  than  the  one 
which  supposes,  that  the  oxygen  which  disappears  has  com- 
bined permanendy  with  the  blood,  and  that  the  carbonic 
acid  evolved  had  previously  existed  in  this  animal  liquid 
ready  formed. 

6.  In  this  way,  two  of  the  changes  which  take  place  in 
air  by  respiration,  namely  the  disappearance  of  uncombined 
OX}  gen  and  the  evolution  of  carbonic  acid,  are  explained. 
It  is  only  uncombined  oxygen  which  has  disappeared;  for 
the  oxygen,  in  the  combined  state,  is  still  present  in  the  car- 
bonic acid  formed.  From  this  it  is  evident,  that  air  in  re- 
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Part  il  sptration  loses  nothing,  but  gains  a  quantity  of  carbon;  and 
JI^'^^Lthis  carbon  is  separated  from  the  blood.  The  fair  conclusion 
Respiration  therefore  is,  that  the  principal  intention  of  respiration  is  to 
carbon^**    eliminate  carbon  from  the  blood* 

from  the  !•  The  third  alteration,  which  takes  place,  in  respired  air, 
blood.  J3  |(^  being  loaded  with  vapour.  This  vapour  cannot  be  coq- 
sidered  as  formed  in  the  lungs,  as  is  the  case  with  the  cair- 
bonic  acid;  since  all  the  oxygen  which  disappears  goes  to 
the  formation  of  this  acid.  It  is,  therefore,  probable,  that 
water  is  given  out  by  the  vessels  of  the  lungs,  and  becomes 
dissolved  in  the  respired  air  on  account  of  its  increase  of 
temperature. 

8.  The  quantity  of  carbonic  acid,  emitted  by  the  lungs,  is 
found  to  varv  at  different  times  in  the  24  hours.  It  has  been 
ascertained  by  Dr.  Prout,  that  the  quantity  of  this  acid 
formed  is  greatest  at  noon  and  least  at  midnight. 
Ayenige         ^*  Several  calculations  have  been  made  to  ascertain  the 
qtuntity      probable  quantity  of  carbonic  acid  emitted  by  respiration  in 
emat^?s   the  24  hours.  Dr.  Thomson  considers  the  average  to  be 
thive-        40,000  cubic  inches,  a  quantity  which  contains  about  three- 
^oimd'*  °24  4^^^^^^^  °f  ^  pound  avoirdupois  of  solid  carbon;  and  this 
ISours.  ^^     estimation  does  not  differ  much  from  that  made  by  Alien 
and  Pepys,  as  deduced  from  their  experiments.  Under  par- 
ticular circumstances,  however,  the  usual  quantity  of  car- 
bonic acid  formed  is  lessened.  Thus  it  has  been  ascertained 
by  Dr.  Prout  and  Dr.  A.  Fyfe,  that  the  carbonic  acid,  pro- 
duced by  respiration,  is  diminished  by  the  use  of  spirituous 
and  fermented  liquors,  by  the  action  of  mercury  or  of  la- 
trie  acid,  and  by  a  vegetable  diet* 

10.  The  amount  of  aqueous  vapour,  emitted  in  the  twenty- 
four  hours,  is  no  doubt  exceedingly  various  in  different  in- 
dividuals, and  under  different  circumstances.  From  some 
trials  to  ascertain  this  point,  made  upon  himself.  Dr.  Thom- 
son found,  that  nearly  nineteen  ounces  was  the  quantigr 
emitted  by  his  lungs  for  that  space  of  time. 
Arterifti  1 1 .  It  had  been  observed  at  a  very  early  period  by  pby- 

diflertineo-siologists,  that  the  blood,  which  flows  in  the  veins,  is  differ- 
Tenoui*"^  ent  in  appearance  from  that  contained  in  the  arteries.  Vc- 
Uood.  nous  blood  has  a  dark  purple  colour,  while  arterial  blood  is 
of  a  bright  scarlet.  Now  it  is  well  known,  that  blood  in  the 
venous  state  is  returned,  from  all  parts  of  the  body,  into  the 
heart,  on  its  right  side,  whence  it  passes  into  the  lungs  by 
the  ramifications  of  the  pulmonary  artery,  and  is  ultimately 
received  again  into  this  organ,  on  its  left  side,  from  the  pul- 
monary veins.  But  by  the  time  it  has  arrived  on  this  side, 
it  is  no  longer  of  a  dark  colour,  but  has  assumed  a  bright 
scarlet  one,  and  the  arterial  character.  It  therefore  appears. 
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that  this  change  in  blood  takes  place  exclusively  in  the  Coap.iv. 
lungs;  and  it  is  fair  to  conclude,  that  it  depends  entirely  y^ouTbe 
upon  the  influence  of  air  in  respiration.    This  influence  has  «oines  arte- 
already  been  stated  to  consist  in  the  separation  of  carbon.     [j^j^^JJ^* 

12.  An   absolute   chemical  difference  lias   never    been  by  being £-' 
made  out,  by  experiment,   between    arterial    and  venous  «"*<«»««<*• 
bloodj  but  it  is  fairly  inferable  from  the  facts,  just  stated. 
How  then,  it  may  be  asked,  does  arterial  Uood  acquire  a 
redundancy  of  carbon,  whereby  it  becomes  changed  into  ve- 
nous blood?  To  this  it  may  be  answered,  that  the  redundan-  Prolmbie 
cy  propably  occurs,  in  the  course  of  the  circulation,  in  con-  J*"»?  ^^' 
sequence  of  the  abstraction,  in  secretory  processes,  of  aofMrboain 
larger  proportional  quantity  of  all  the  constituents  of  blood  veooas 
except  cariion,  than  of  the  carbon  itself.   Whether  this  con*  g^,ted!"^' 
jeeture  be  well  founded,  could  only  be  ascertained  by  noti- 
cing, if  all  the  constituents  of  blood,  except  carbon,  be  pre- 
sent in  larger  amount  in  the  secretions,  taken  collectively, 
than  carbon  itself. 

*13.  Respiration  has  as  yet  been  considered  as  carried  on  AtmoBphe- 
by  atmospheric  air,  the  only  gaseous  fluid  which  supports  »c  "ir,  the 
the  process  properly;  but,  besides  this  fluid,  there  are  seve-^m^lntiiu 
ral  other  gases,  which  may  be  respired,  but  which  sooner  or  tberespira- 
Uter  destroy  life.  '^.^^ 

14.  One  set  of  these  respirable  gases,  which  do  not  sup-  are  respin- 
port  life,  seem  to  act  negatively,  by  depriving  an  animal  of  *?*»  ^^^^ 
the  air,  proper  to  carry  on  natural  respiration.  In  this  way  destro/ufe; 
azote  and  hydrogen  are  supposed  t6  destroy  life.  Another 
set  of  respirskble  gases  appear  to  be  unfit  for  respiration,  in 
consequence  of  some  positive  eflfect  which  they  produce  on 
the  blood.  In  this  way,  the  bihydroguret  of  carbon  (carbu- 
retted  hydrogen),  hydrosulphuric  acid  (sulphuretted  hydro- 
gen), and  carbonic  oxide  are  supposed  to  act.  A  third  set 
may  be  breathed  for  some  time,  without  much  inconvenience, 
but  would  unquestionably  sooner  or  later  produce  death.  Of 
this  kind  are  the  protoxide  of  azote  (nitrous  oxide),  and  oxy- 
gen gas.  These  gases  would  appear  to  be  improper  for  sup- 
porting life,  on  account  of  the  too  great  stimulus,  which  they 
produce.  The  protoxide  of  azote  is  known  to  give  rise  to 
a  very  strong  degree  of  stimulation,  and  oxygen  gas  appears 
to  require  some  other  gas  to  be  mixed  with  it,  for  the  pur- 
pose of  dilution.  Common  air,  which  is  the  only  proper  ga- 
seous fluid  for  respiration,  may  be  considered  as  oxygen  gas 
diluted  by  azote.  Oxygen,  diluted  by  hydrogen  to  the  same 
degree,  carries  on  respiration  without  inconvenience;  and 
the  formation  of  carbonic  acid  goes  on  as  regularly  as  when 
common  air  is  the  respired  fluid.  There  are,  however,  these 
differences  when  oxygen  and  hydrogen  are  employed,  that 
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a  portion  of  the  oxygen  disappears,  and  azote  is  found  ill 
its  place,  and  the  animal,  breathing  the  mixture,  has  a  ten- 
dency to  sleep. 

15.  Some  gases  cannot  be  drawn  into  the  lungs,  the  glottis 
closing  spasmodically  whenever  the  attempt  is  made.  These 
have  been  called  unrespirable  gases.  To  this  set  belong  am- 
moniacal  gas,  carbonic  acid  gas,  and  in  short  all  the  acid  gases. 

16.  It  has  already  been  stated^  thi^t  venous  blood  becomes 
arterial,  by  passing  through  the  lungs.  Now  it  has  been  as- 
certained, that  venous  blood,  out  of  the  body,  assumes  the 
colour  of  arterial  blood,  when  exposed  to  some  of  the  gases. 
Venous  blood,  subjected  to  the  influence  of  pure  oxygen  gas 
confined  over  it,  instantly  assumes  a  scarlet  colour.  Tl»e 
same  change  in  this  kind  of  blood  is  effected  by  common 
air,  but  not  so  rapidly.  In  both  cases,  the  bulk  of  the  air  re- 
mains very  nearly,  if  not  absolutely,  the  same;  but  the  air 
itseU  is  changed,  a  portion  of  its  oxygen  being  converted 
into  carbonic  acid.  Hence  it  would  appear,  that  the  same 
changes  take  place  in  venous  blood,  when  exposed  to  com- 
mon air  or  oxygen  gas,  out  of  the  body,  as  when  in  the 
lungs. 

17.  Venous  blood,  exposed  to  the  action  of  deutoxide  of 
azote  (nitrous  gas),  becomes  of  a  deep  purple  colour.  Un- 
der similar  circumstances,  the  protoxide  of  azote  (nitrous 
oxide)  changes  its  colour  to  a  bright  purple.  In  both  cases^ 
a  portion  of  the  gases  is  absorbed.    When  exposed  to  the 
action  of  carbonic  acid,  it  becomes  much  darker,  and  a  amstl 
portion  of  the  gas  is  absorbed.    Bihydroguret  of  carbon 
changes  it  to  a  fine  red  colour,  a  shade  deeper  than  that  pro- 
duced by  oxygen  gas. 

18.  On  the  other  hand,  arterial  blood,  exposed  to  the  ac- 
tion of  azote,  hydrogen  or  carbonic  acid  confined  over  it^ 
assumes  the  colour  of  venous  blood.  This  same  change 
takes  place  in  it,  however,  when  placed  in  vacuo.  Hence 
it  must  be  considered  as  independent  of  the  action  of  any 
external  agent.  This  change,  in  arterial  blood,  is  not  pre- 
vented even  by  exposure  to  the  action  of  oxygen  gas, 
although  it  is  very  considerably  retarded. 

19..  Animal  heat  is  usually  attributed,  as  an  eflfect,  to  re-> 
spiration,  although  there  are  many  circumstances  nnfsvour* 
able  to  this  opinion.  The  fact,  however,  is  a  striking  one, 
that  the  heat  of  different  animris  is  greater,  m  proportion  as 
their  apparatus  for  breathing  is  on  a  larger  scale. 

20.  By  far  the  most  ingenious  theory  of  animal  heat,  de- 
duced from  the  respiratory  process,  is  that  of  Dr.  Craw- 
ford. Dr.  Black  had  considered,  that  animal  heat  is  pro- 
duced in  the  lungs,  in  consequence  of  tbe  conversion  of 
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latent  into  BenaiUe  heat.  Upon  sudi  a  supposition,  however,  Ciiav.  i  v. 
the  heat  could  not  be  uniform  all  over  the  body.  Dr.  Craw-  on  •  differ- 
ford  gets  over  this  dtfficuhy,  by  supposing^  that  part  of  the  enoe  in  thj 
heat  of  the  respired  air  becomes  latent  in  the  blood,  after  it  helt  of  ar- 
has  assumed  the  arterial  character.  This  transfer,  he  consi-  tenai  and 
ders  to  take  place,  in  consequence  of  a  simultaneous  alteration  l\^* 
in  the  specific  caloric  of  the  air  of  respiration  and  of  the 
Mood;  that  of  the  air  being  decreased,  while  that  of  the 
blood  is  proportionaUy  increased.  In  this  way,  the  caloric, 
derived  from  the  air.,  and  which  would  otherwise  have  been 
sensible   or  distrihttCable,   is  instandy  transferred  to  the 
Uood,  to  fill  up  its  ittcreased  capacity.  Now  Dr.  Crawford 
found,  that  the  specific  caloric  <^  oxygen  gas  and  arterial 
blood  on  the  one  hand,  was  greater  than  that  of  carbonic  acid 
and  venous  blood  on  the  other;  just  what  ought  to  be  the 
case,  if  the  theory  which  he  advocated  were  correct.  Hence 
it  must  fidlow,  that,  in  the  courae  of  the  circulation,  as  the 
arterial  blood  is  gradually  assuming  the  venous  character, 
in  consequence  of  those  actions  which  are  implied  in  the 
functions  of  secretion  and  nutrition,  it  is  at  the  same  time 
suffering  a  decrease  in  specific  caloric  or  capacity,  and  must 
be,  in  the  same  proportion,  evolving  distributable  heat. 

21.  Aithou|[^  subsequent  experiasents  have  confirmed  Thia  differ. 
the  conclosions  of  the  difference  in  specific  caloric  of  car^  ^t^Jti 
bonic  acid  and  oxygen  gas,  and  of  venous  and   arterial  Crawford 
Mood;  yet  they  are  &r  from  making  it  as  great  as  was  cal*  BuppMcd. 
culated  by  Crawford.  From  the  experiments  of  Delaroche 
and  Berard,  it  appears,  that  the  specific  caloric  of  carbonic 
acid  is  to  that  of  oxygen  gas,  as  0*8280  to  0*8848;  while 
those  of  Dr.  Davy  determine  the  relative  specific  calorics  of 
venous  and  arterial  blood  to  be  as  0*903  to  0*913.    These 
'differences  are  so  small,  that  they  would  hardly  be  consi- 
dered as  sufficient  to  account  for  all  the  animal  heat  on 
Crawford's  theory;  but,  when  it  ie  recollected,  that  the 
whole  of  the  blood  of  the  body  makes  a  complete  revolu- 
tion in  less  than  three  minutes,*  when  the  fact  »  adverted 
to,  that  arterial  blood  is  undergoing  the  change  into  venous 
Uood  in  all  parts  of  the  body  at  iJie  same  moment,  these 
differences  in  specific  caloric  may  not  perhaps  be  esteemed 
too  minote  to  account  for  the  production  of  animal  heat. 

23.  it  appears  by  some  late  experiments,  performed  by  BrodU'a 
Arodie,  that,  when  respiration  is  carried  on  artificially  in  a  ^JJi^aeem 

<       onfttvoura- 

^le  to  the 
*  This  calculation  of  the  time,  whieh  the  whole  of  the  blooil  of  the  body  tnkefi  gapnnsitioa 
to  pass  thraugh  the  heart,  k  founded  upon  the  aappoaitions,  that  the  amount  of  i\^f^x  respi- 
blood  in  the  adult  ia  80  poanda,  that  the  average  number  of  putsations  in  a  mi-  nition  oaus- 
nute  it  75,  and  that  the  quantity  of  blood  expelted  at  each  puliation  is  two  and  ^  animal 
n  h$lf  •uneea.  *  ]^eat. 
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PartIL  decapitated  animal,  the  usual  proportion  of  carbonic  ackl 
Book  HI.  continues  to  be  formed;  and,  notwithstanding,  instead  of 
the'  animal  heat  being  preserved  under  such  circumstances^ 
,  it  is  actually  lost  quicker  than  it  would  be  in  an  animal  re- 

cently killed.  To  judge  how  far  these  results  invalidate  the 
conclusions  of  Crawford,  it  would  be  necessary  to  inquire, 
whether,  in  Brodie's  experiments,  the  blood  returned  to  the 
lungs  in  the  arterial  or  venous  state.  If  it  returned  in  the  ve- 
nous state,  it  would  seem  to  prove,  that  the  blood  had  under- 
gone those  changes,  which  are  consequent  to  its  employment 
in  secretion  and  nutrition;  but  it  is  not  probable  that  it  could 
be  thus  employed  in  a  decapitated  animal.  But  if  it  be  sup- 
posed, that  the  blood,  in  such  cases,  undergoes  litde  or  no 
change  in  the  course  of  the  circulation,  is  not  the  loss  of 
animal  heat,  just  what  ought  to  take  place  according  to 
Crawford's  theory,  which  considers  that  the  animal-  tempe- 
rature is  kept  up,  as  a  consequence  of  the  gradual  conver- 
sion of  arterial  into  venous  blood.  On  the  other  hand,  if  die 
blood  goes  the  round  of  the  circulation  without  losing  its 
arterial  character,   whencb  is  the  carbonic  acid  derived, 
which  Brodie  found  to  be  invariably  formed  in  his  experi- 
ments. 
Retpintion     23.  Upon  the  whole,  perhaps  the  most  correct  opinioii 
Uk^"^ad^  on  the  subject  of  animal  heat  is  to  suppose,  that  the  princi- 
patMoliecifP^  cause  of  it  is  respiration,  by  effecting  upon  the  blood 
juun^    .  such  a  change,  as  that,  upon  another  change  during  the  cir- 
M^^bT*  culation,  it  will  be  giving  out,  gradually,  distributable  hest; 
oUier         greatly  assisted,  however,  by  the  vital  actions,  such  as  se- 
^*'^*'       cretion,  digestion,  muscular  action,  and,  in  short,  by  every 
process  implying  motion,  which  occurs  in  the  living  body. 


SECTION  11. 

jp  SECRETION  AND  ASSIMILATION. 

Food  an-  1*  Thx  diflPerent  parts  of  the  animal  sjrstem  are  constant* 
dergoes  \y  undergoing  a  waste,  which  is  supplied  by  materials  ta- 
obangeihe-lt^n  into  the  stomach.  These  materials  undergo  a  suite  of 
fore  it  be-  changes  in  the  processes  of  digestion  and  chyltficatiQli;  and 
btood!  ^^  product  is  thrown  into  the  blood  vessels,  where  it  be* 
,  comes  perfect  blood.  Into  this  complex  liquid,  all  the  no* 
tritious  matter,  taken  into  the  stomach,  must  be  converted. 
Blood  is  the  before  one  particle  of  it  can  be  employed  to  supply  the  exi- 
nateriai,     gencies  of  the  living  animal;  for  it  is  from  blood  alone,  that 

e^c^  ani-    ^^^  *^  P^*^'  ^^  ^^^  body,   whether  solid  or  liquid,   arc 
Dfti  t»art  is  formed.  Now  the  action,  by  which  certain  liquids  are  aepa- 

formed. 
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rated  firom  the  blood,  is  called  secretion;  and  the  action.  Chap,  iv. 
by  which  the  same  animal  liquid  is  converted  into  the  orga- 
nized parts  of  die  body,  is  called  assimilation.  Blood  being, 
then,  the  material  from  which  all  the  parts  of  the  body  are 
formed,  it  follows,  as  a  necessary  consequence,  that  this  li- 
quid must  contain  all  the  elementary  principles  of  animal 
substances. 

2.  The  secretory  action  ukes  place  in  the  body,  appa-  Seofeti«i» 
rently  with  two  views:  1.  to  form  from  the  blood  a  sub-  JJ\^^25, 
stance  to  be  applied  to  some  useful  purpose;  and  2.  to  se-  or  to  be 
parate  something  from  the  same  liquid,   which   is  either  ^''"'^'*  *^^- 
noxious  or  useless,  and  which  is  to  be  thrown  oiF  from  the 

body  entirely. 

3.  All  the  secretions  of  the  human  body  may  be  consi-  Exeremen- 
dered  as  formed  with  the  first  view;  except  that  of  urine  in  ^^"J^fniMe 
the  kidneys,  of  sweat  by  the  skin,  and,  without  perhaps  re-  arine, 
sorting  to  iiny  very  strained  analogy,  of  carbon  and  water  by  ^J^^*"** 
the  lungs.  It  may  be  considered  doubtful,  whether  bile  is  se- 
creted with  the  first  or  second  view;  but  the  latter  supposi- 
tion, is  the  most  probable. 

4.  Considering  then  the  useful  secretions,  the  question  All  the  ulti- 
arises,  are  the  constituents  of  these  substances  to  be  found  ^^Q^ents  oT 
in  the  blood.     The  answer  is   yes,  so  far  as  it  regards  the  useful 
ultimate  constitutents.     Indeed  most  of  their  proximate  J^"*^^^"^' 
constituents  are  present  in  this  liquid,  but  not  all.     Thus,  blood,  bnt 
mucus  is  present  in  saliva,  tears,  the  mucus  of  the  nose,  "o^  ^hcjr^ 
the  liquor  of  the  pericardium,  and  in  semen,  but  not  in  ^stitu- 
blood.  Sugar  of  milk  is  present  in  chyle  and  in  milk,  but  is  ents. 
absent  in  blood.  These  facts  are  sufficient  to  demonstrate 

to  the  physiologist,  that,  during  secretion,  substances  alrea- 
dy formed  are  not  merely  separated;  but  that  the  blood  ac- 
tually suffers  decompositions  and  recompositions  in  the 
process. 

5.  In  the  process  of  assimilation,  a  great  many  very  dis-  Assimiia- 
simitar  organized  substances  are  formed  from  the  blood.  The  ^*°"  ^9^ 
principal  of  these  are  muscle  and  bone.  Blood  contains,  in  parts. 
abundance,  the  substance,  whi^ja  is  the  characteristic  ingredi- 
ent of  muscle,  namely  fibrin;  hence  the  formation  of  the  latter 

from  the  former  may  be  very  well  explained.  But  the  prin- 
cipal ingredient  in  bone  is  phosphate  of  lime;  how  then  does 
the  blood  furnish  this  salt,  which  does  not  exist  ready  form- 
ed in  it.  It  is  indeed  true,  that  phosphoric  acid  exists  in 
blood,  and  so  also  does  the  radical  of  lime  according  to 
Berzelius,  as  a  constituent  in  its  colouring  matter.  Accord- 
ingly, it  may  be  said,  that  the  phosphate  is  composed  in  the 
net  of  forming  or  repairing  the  bone;  or  it  may  be  contend- 
ed, that  its  quantity  in  the  blood,  sufficient  to  renew  the 
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PAkT  II.  daily  waste  of  bone,  is  too  small  to  be  detected  ia  tke 
.£Zl!I!L«>f  this  liquid. 

SoQki  of  ^  By  vieving  the  table  given  of  animal  substances,  it  will 
theuiti-  be  seen,  that  blood  cootaios  all  the  ultimate  coostituenlv 
ititaentfof  ^^^^^  i°  them,  except  fluorine,  siltcum  and  manganese.  The 
animti  sub-  question,  therefore,  arises,  how  can  blood  form. bone  which 
^'^aittou  ^P  c^B^io*  fluorine,  or  hair  which  contains  silicum  and  manga- 
in  Mood.  nese.  Are  these  facts  to  warrant  the  condosioo,  that  neither 
fluorine,  silicum,  nor  manganese  are  simple  substances;  or 
should  they  not  rather  be  explained  by  supposing,  that  these 
bodies  exist  in  too  minute  quantities  in  the  blood  to  be  de* 
tected. 
Blood  re-  7.  It  is  reasonable  to  suppose,  that  the  blood,  suffering 
v^n»»  fa^  ^  many'  abstractions  ef  its  constituents  in  secretion  and 
mewed,  assimilation,  would  require,  not  only  to  be  renewed  con* 
bat  the  pro»stantly  by  new  accesuons  of  matter,  but  also  to  have  thrown 
luo^titu. ^  ^'^'^  ^^  particular  constituents,  which  might  be  left  in 
enu,  re^d.  excess  by  a  too  abundant  abstraction  of  others.  And  this, 
{hb^^  indeed,  appears  to  be  the  fact;  and  to  separate  snch  redun« 
joatroent  U  dant  constituents,  would  appear  to  be  the  purpose  of  the 
^^M  b  ^^^^"^  secretory  actions,  which  eliminate  substances  to  be 
Uie  wcre-^  thrown  out  of  the  body. 

ti<miof  8.  The  substances,  which  it  is  here  proposed  to  consider 

^^*^-        ^  secretions  of  waste,  are  carbon  emitted  from  the  lungs. 
Separation  urine,  sweat,  and  the  bile.  The  process,  by  which  carbon  is 
(h^iun^U  separated  from  the  blood  in  the  lungs,  is  very  much  like 
analogous    secretion.  Venous  blood  is  carried  by  a  set  of  vessels  to  sH 
[^^'^*     parts  of  a  spongy  substance,  and,  at  their  ultimate  rami&- 
cations,  throws  off  a  substance,  which  passes  out  through 
the  branches  of  the  bronchis,  as  through  so  many  excretofy 
ducts.  There  is  indeed  this  difference,  that  an  agent,  in  ibt 
form  of  atmospheric  air,  must  pass  down  these  ducts  to  as- 
sist in  the  elimination,  by  combining  with  the  substance  to 
be  separated •  But  whether  the  process,  by  which  carbon  is 
separated  in  the  lungs,  be  considered  secretory  or  not,  it  ne- 
vertheless appears  certain,  that  the  chief  purpose  of  respi- 
ration  is  to  separate  an  excey  of  this  combustible  from  the 
blood. 
BeAandant      9.  The  secretory  office  of  the  kidneys  may  be  considered 
azote  ap.    ^  i^^  chief  means,  which  nature  employs  to  discharge  re- 
abstniet  d  dundaut  azote  from  the  blood.  The  urine  is  made  up^  prin- 
^^^^h^     cipally  of  urea,  which  animal  substance,  according  to  Or. 
tbe  urioe.    P^out,  qontains  nearly  half  its  weight  of  azote.  From  this 
statement  it  is  evident,  how  very  large  a  proportion  of  azote 
must  be  contained  in  this  secretion.  Besides  azote,  urea 
contains  oxygen,  hydrogen  and  carbon.  Whether  all  the 
constituents  of  this  animal  substance  are  liable  to  become 
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rcduiidaiit  in  the  blood|  in  proportions  suited  to  its  fomin*  Cha>.  iv. 
tion,  cannot,  perhaps,  be  ascertained;  but  should  this  be  the 
fact,  then  their  greater  or  leas  redundancy,  occurring  in  such 
proportions,  may  be  removed  by  a  more  or  less  abundant 
formation  of  urea. 

10.  The  means  of  re-establishing  the  proper  proportional  Urme»fram 
amount,  in  the  different  constituenu  of  the  blood,  may  be  f„^^^ 
clearly  inferred  from  the  various  ingredients  of  urine*  If  it  rtry  obvi- 
be  necessary  to  separate  a  large  quantity  of  oxygen  and  by-  ^^^^ 
drt>gen,  it  may  be  snpposed,  that  water  is  compounded  in  dant  eoniU- 
tbe  kidneys.  A  larger  quantity  of  carbon  than  exists  in  ^^^  ^[^''i^i JjJ 
may  be  separated  by  the  production  of  a  larger  or  smaller 
amount  of  carbonic,  benzoic,  or  lactic  acid;  but  for  the  se- 
paration of  this  substance,  the  lungs  may  be  considered  as 

the  appropriate  organs.  Any  proportional  excess  in  the 
other  constituents  of  blood  may  be  separated  as  component  ^ 
parts  of  the  different  saks,  which  occur  in  urine  in  various 
amounu.  So  that  it  is  probable,  that  the  varying  exigencies 
of  the  blood,  with  regard  to  redundant  constituents,  is  the 
true  cause  of  the  vsrying  nature  of  the  urine. 

11.  All  the  ultimate  constituents  of  blood  are  found  in 
urine,  except  iron.  This  netal,  considered  as  a  component 
part  of  the  colouring  matter  of  the  blood,  could  not  reason* 
ably  be  expected  to  exist  in  the  urine;  as  it  is  not  probable, 
that  this  matter  requires  to  undergo  any  decomposition  in 
the  renovation  of  the  blood.  On  the  other  hand,  fluorine 
and  silicum  occur  as  ultimate  constituents  of  urine,  though 
not  to  be  found  in  the  blood.  As,  however,  these  substances 

occur  in  very  minute  proportion,  may  it  not  reasonably  be  ^ 

supposed,  that  they  exist  also  in  the  blood,  although  in  too 
minute  a  quantity  to  be  detected. 

12.  The  action  which  separates  matter  from  the  body  Sweatfepm- 
through  the  skin,  whether  this  matter  occurs  as  sweat  or  in*  ^^  >^ 
sensible  perspiration,  may  be  enumerated  among  the  means,  emittita- 
by  which  the  blood  is  purified  from  redundant  constitu- «ntB  from 
ents.    As  far  as  the  investigations  of  chemists  and  physi-      ^'*^' 
ologists  have  extended,  there  appears  to  be  established  a 

very  close  analogy,  in  function,  between  the  lungs  in  respi* 
ration,  and  the  skin  in  perspiration.  Both  organs  are  con-  Office  of 
sundy  emitting  water  in  a  state  of  vapour,  and  carbon  io^^'^'J.^ 
the  form  of  carbonic  acid.  The  sympathy  between  the  lungs  lungs  ap- 
and  skin  is  well  known  to  every  one.    Whenever  the  skin  is  P^<**  ^  ^ 
interrupted  in  its  function,  the  lungs  suffer.  This  is  usually  henM^^e 
accounted  for  by  supposing,  that  the  aqueous  fluids,  which  synpathj 
should  pass  through  the  skin,  are  thrown  upon  the  lungs;  ^^i!***  ^^' 
but  may  not  the  suspension   of  the  separation  of  carbon 
through  the  skin,  in  cases  of  suppressed  perspiration,  be  the 
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Paut  II:  <  principal  pause  of  the  inconvenience,  suffered  by  the  pulmo- 
Book  iil  n^ry  organs*  It  is  well  known,  that  the  kidneys  perform  the 
vicarious  office  of  the  separation  of  aqueous  fluid,   when 
such  fluid  is  prevented  from  passing  through  the  skin;  novr, 
when  carbon  is  retained  as  a  consequence  of  suppressed  per- 
spiration, does  not  the  coincidence  in  office  between  the  skin 
and  the  lungs  make  it    probable,  that  these  organs  mny 
excrete  a  superabundant .  quantity  of  this  combustible,  v 
long  as  the  suppression,  by  the  sUn  may  continue.     It  is  a 
well  known  law,  whidi  the  Author  of  nature  has  impressed 
upon  the  animal  economy,  that  the  differient  organs,  like 
kind  friends,  assist  each  other  in  the  performance  of  their 
respective  functions,  when,  from  disease  or  otherwise^  any 
one  of  them  may  be  unable  to  perform  its  own. 
The  inteti-       1 3*  Bile  has  been  enumerated  as  a  substance,  which  is  se« 
tion  of  Uie  parated  from  the  blood  as  useless;  but  this  point  is  far  from 
nue/doabt-  heing  setded.  Adopting,  however,  the  supposition  that  it  is 
fuL  separated  for  the  sake  of  the  blood,  there  are  no  circum* 

stances  which  lead  to  the  belief,  that  it  contains  any  particu- 
lar principle,  which  it  is  the  chief  purpose  of  the  liver  to  se- 
parate. 
Secretion        14.  With  regard  to  the  manner  in  which  secretion  and 
ktion?^'"^'  assimilation  take  place,  very  little  or  nothing  is  known.  The 
not  consist  reader  has  had  abundant  proofs  however,  diat  die  first  is  not 
in  thetepa-  die  separation  of  something.^  already  formed  in  the  blood,  or 
•omething  ^^^  latter,  a  mere  deposition;  since,  in  innumerable  cases, 
aireadv      compound  substaoces  are  found  in  the  secretions  and  in  the 
theM  fuM^  *^^'^  parts,  not  previously  existing  in  the  blood.     Hence 
tiont  imply  then  chemical  decompositions  and  recompositions  mustne* 
aoUons       cessarily  take  place  in  these  vital  functions. 

15.  Notwithstanding  these  strong  facts,  there  have  not 
been  wanting  some  physiologists,  who  have  denied  altoge- 
ther the  agency  of  chemical  attractions  in  the  vital  pro* 
cesses.  According  to  them,  chemistry,,  so  far  from  assisting 
the  animal  functions,  is  in  perfect  war  with  life;  and  when  the 
former  has  gained  an  ascendancy  over  the  latter,  destruction 
is  the  consequence.  In  proof  of  this  assertion,  the  putrefac* 
tion  of  animal  bodies,  after  death,  is  alleged. 

16.  To  prove  how  fallacious  this  mode  of  reasoning  is, 
let  it  be  supposed  for  a  moment,  that  those  agencies  of  mat- 
ter upon  matter,  which  are  called  chemical  attractions,  were 
annihilated;  what  would  be  the  consequence?  Most  unques- 
tionably it  would  be  impossible  for  any  animal  to  live. 

17.  But  although  chemical  actions  do  take  place  in  animal 
processes,  it  does  not  follow  that  they  are  beyond  the  con- 
trol of  other  agencies;  the  foct  is  that  they  are  not;  and  life, 
whatever  it  may  be,  whether  dependent  upon  a  peculiar 
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principle  or^pon  organization,  is  the  something  which  di-   Cmat.  IV. 
recta  them.  *" 

18.  The  agency,  however,  which  directs  the  chemical  vitaUgen- 
chansres  in  animals,  is  not  absolute  in  its  power,  but  yields  «7  •o™?-, . 

_  o  ••  •  ^  T*!.         T  !•  u    times  yields 

under  extraordinary  circumstances.  .1  bus,  it  peculiar  sub- 1^  ^i^eehe- 
stancek  be  taken  into  the  stomach,  they  make  their  way  into  ndt»i  agen- 
the  secretions,  and  even  into  the  solids  themselves*     Musk  ^^' 
and  indigo  have  been  made  to  pass  into  some  of  the  secre- 
tions, and  the  colouring  matter  of  madder  into  the  bone. 
Hence  it  would  appear,  that  the  digestive  organs  cannot 
convert  every  substance  to  the  purposes  of  the  animal;  and 
that  even  when  unusual  substances  get  into  the  blood,  they 
cannot  always  be  excluded,  by  the  secreting  or  assimilating 
powers,  from  entering  into  the  composition  of  the  solids  and 
fluids. 

19.  In  what  manner  the  control  over  the  ordinary  che-  Partidei 
mical  affinities  is  exercised  in  the  living  body,  would  be  eompaeing 
difficult  to  determine.    It  is  not  possible,  that  the  particles  obey  ohe- 
which  compose  animal  bodies  can  enjoy  any  immunity  from  nuealat- 
the  influence  of  the  chemical  attractions*    a  hey  cannot  con-  ^^^^^'^'- 
stitute  an  exception  to  the  universal  lot  of  m^atter.  If  this  po- 
sition be  true,  then  the  springs  to  chemical  action  cannot  be 
considered  as  suspended,  but  the  chemical  actions  themselves 
counteracted  by  opposing  actions.  Shall  it  be  said,  that  it  is 

life  which  is  the  counteracting  force,  or  are  there  any  agen- 
cies which  exercise  the  same  influence  over  chemicsd  affini- 
ties out  of  the  body?  If  there  be,  then  certainly  an  identity 
of  effect  may  be  fairly  ascribed  to  an  identity  of  cause.  Now 
it  has  been  fully  proved,  that  galvanic  electricity  has  the 
power  of  counteracting  the  ordinary  results  of  chemical  af- 
finity; and  may  not  the  same  agency  be  the  proximate  cause 
of  a  similar  counteraction  of  chemical  affinities  in  living 
bodies* 

20.  After  all,  even  admitting  the  supposition  just  stated 
to  be  true,  still  this  electrical  agency  must  be  under  the  con- 
trol of  some  other  power;  and  this  power  may  be  denomina- 
ted life.   . 

21.  As  soon  as  life  leaves  the  body,  the  different  chemi- 
cal affinities  ard  no  longer  controlled,  and  its  constituents 
form  compounds  totally  distinct  from  its  original  component 
parts.  A  sketch  of  what  is  known  concerning  the  changes, 
which  take  place  under  such  circumstances,  will  be  given  in 
the  following  chapter. 
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^  CHAPTER  V. 

OP  THE  DECOMPOSITION  OF  AKIMAL  BODIES  AFTER  DEATH. 

£jy^Mi^      1.  It  IS  a  WeU  known  ftct,  that  the  matter  composing  ani- 

patrefies;    ^^  bodies,  which  have  ceased  to  be  influenced  by  vitality, 

tmdergoes  certain  changes,  accompanied  by  the  emission  of 

a  disgusting  fetor.  These  changes  are  expressed  by  the  term 

putrefaction. 

2.  It  docs  not,  however,  necessarily  happen,  that  dead 
animal  matter  should  putrefy.  A  certain  complexity  in  its 
composition;  by  which  is  meant  a  mistare  of  a  number  ot 
substances  already  compound,  is  a  necessary  pre-requisite 
to  the  putrefactive  changes.  Tlius,  animal  substmces,  which 
are  uniform  compounds,  such  as  oils  and  resins,  do  not  pu- 
trefy.  Besides  this  complexity,  dead  animal  matter  requires 
to  be  under  the  influence  of  beat  and  moisture,  before  it  caa 
take  on  the  putrefactive  process.  This  is  proved  by  the  cir- 
cumstance, that  animal  matter,  exposed  to  a  freezing  tempe- 
rature, or  perfectly  dried,  undergoes  no  change  whatever. 
Exposure  to  air  is  not  an  indispensable  pre-requisite;  for  the 
putrefactive  changes  take  place  in  close  vessels,  although 
somewhat  modified  under  such  circumstances. 

S.  Animal  matter,  exposed  to  the  predisposing  circum- 
stances just  stated,  undergoes  a  suite  of  changes,  of  which 
the  following  is  an  outline.  If  it  be  a  portion  of  flesh,  it  first 
becomes  pale  and  somewhat  soft;  its  texture  next  begins  to 
be  destroyed,  and  it  emits  a  disagreeable  smell.  The  <;xpo- 
sure  being  still  continued,  it  diminishes  in  bulk,  and  exhales 
an  ammoniacal  odour.  This  smell  is  dissipated  by  the  sur- 
rounding air,  and  is  succeeded  by  the  insupportable  odour 
denominated  the  putrid  smell.  This  continues  for  some 
time,  but  is  at  last  restrained  by  the  production  of  ammo* 
nia.  This  alkaline  base  has  no  sooner  been  dissipated,  than 
the  putrefactive  propess  recommences,  and  the  flesh  swells 
up,  emitting  a  number  of  air  bubbles,  and  then  subsides. 
At  this  stage  of  the  decomposition,  the  fibrous  texture  of 
the  flesh  is  scarcely  distinguishable,  and  the  whole  becomes 
a  soft  jnass  of  a  brown  or  greenish  appearance,  and  having  a 
faint  and  nauseous  smell.  After  this  stage  of  the  process, 
the  odour  is  gradusdly  lost,  and  the  putrefied  matter  acquires 
some  consistence  and  a  deep  colour.  It  is  finally  converted 
into  a  friable  matter,  which  breaks  into  coarse  powder,  like 
earth,  between  the  fingers.  This  substance  consists  of  the 
fixed  parts  of  the  animal  matter,  mixed  with  some  charcoal^ 
oil,  and  ammonia.  The  gaseous  products  vary  somewhat, 
according  to  the  substance  which  may  be  subjected  to  the 
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putrefactive  process;  but  they  consist  principally,  of  hydro-  Cratj^ 
gen  gas,  combined  with  sulphur  phosphorus  and  carbon,  of 
ammonia  and  carbonic  acid  gas,  and  perhaps  of  azote.  Oc- 
casionally nitric  acid  appears  to  be  formed. 

4.  Thus  it  would  appear,  that  animal  matter,  after  its  it  depend! 
death,  being  no  longer  embarrassed  by  the  operations  of  vi-  "P^  ^^^ 
tality,  is  influenced  by  a  new  play  of  chemical  affinities,  ^a^^ 
which  causes  its  ultimate  constituents  to  enter  into  new  and 

more  simple  modes  of  combination. 

5.  Putrefaction,  as  already  described,  must  be  taken  as  Fatrefte- 
applying  to  dead  animal^  matter,  putrefying  separately  ^^^dlj^i''*' 
in  contact  with  the  air.  When  buried  in  the  earth,  animal  modifi^^m 
bodies  putrefy  much  more  slowly;  and  when  a  great  num-  ^.^ 
ber  of  carcases  are  buried  in  the  same  pit,  the  animal  mat-      ^' 
ter  is  converted  into  a  peculiar  saponaceous  substance,  com- 
posed of  a  fatty  matter  combined  with  ammonia.  This  sin- 
gular substance  was  first  observed,  as  the  result  of  the  de- 
composition of  animal  bodies,  under  peculiar  circumstances, 

in  the  burial  ground  of  the  Innocents  in  Paris,  where  it  had 
been  the  practice  to  deposite  the  bodies  of  the  poor,  each  in 
a  separate  coffin,  in  large  pits,  until  they  were  filled  nearly 
to  the  top,  when  the  whole  was  covered  over  by  a  layer  of 
earth  about  a  foot  deep.  These  pits  usually  contained  from 
1000  to  1500  bodies.  It  has  been  ascertained,  that  bodies,  so 
circumstanced,  require  about  thirty  years  to  be  converted 
into  this  peculiar  fatty  matter. 

6«  As  on  many  occasions  it  becomes  necessary  to  pre-  Fatrefae- 
serve,  from  putrefaction,  animal  substances  to  be  used  as^^^^^^^l 
food,  so  the  proper  measures,  to  be  pursued  with  this  view,  Jcr"]^  "jjj' 
become  a  very  important  subject  of  inquiry.  It  has  already  preveated. 
been  stated,  that  the  contraries  of  heat  and  moisture,  name- 
ly cold  and  dryness,  suspend  the  process  of  putrefaction; 
and  accordingly  meat  in  cold  countries  is  preserved  in  the 
winter  season  by  being  frozen,  and  drying  is  a  very  common 
expedient  for  the  same  purpose.  Besides  these  means  of 
preventing  putrefaction,  others  seem  to  act  by  combining 
with  the  substance  preserved.    In  this  way,  it  is  probable, 
that  chloride  of  sodium  (common  salt)  and  nitrate  of  pot- 
ash (nitre)  act  in  preserving  flesh.  The  manner,  in  which 
Other  substances,  such  as  sugar,  acids,  alcohol  &c.  act,  is 
not  quite  so  obvious.    Dr.  Thomson  supposes  it  is  by  the 
affinity  of  these  substances  for  water,  whereby  they  are  en- 
abled to  abstract  one  of  the  principal  agents  in  putrefaction. 
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Citron-coloured  ointment,  391 
Civet,  532 

Clas^cation  of  acids  explained, 

283 
4H 


610 


INDBX. 


Clay,  pure,  171 
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intermediate,  44 
intermediate,  table 
of,  133 

uhdecompounded, 
17 
Combustion*  434 

Lavoisier'a  theory  of, 
436 


Combnstioni  Priestley's  theory  of, 

434 
Stahl's  theory  of,  434 
Thomson's  theory  of, 
436 
Compound  cerate  of  incetated  li^ 

tharge,  378 
Compounds,  unsalifiable,  409 
Concretions,  biliary,  573 
pineal,  572 
pulmonary,  572 
salivary,  572 
urinary,  574 
with  basis  of  phos- 
phate of  lime,  572 
Conduction  of  heat,  442 
Constituents,  animal,  520 
Copal,  505 
Copper,  95 

^    ammoniacal,  383 

ammonio-persulphate  of, 

382 
ammonio-subperBulphate 

of,  383 

ammonio-subpenuV^^it 
of,  medical  uses  of,  38S 
bipersulphate  of,  382 
bipersulphate  of,  medical 

properties  of,  382 
hyperoxymuriateof,  381 
iodide  of,  97 
muriate  of,  381 
peracetate  of,  384 
perarseniate  of)  384 
perarsenite  of,  384 
percarbonate  of,  384 
perchiorate  of,  381 
perchloride  of,  97 
perhydrochlorate  of,  S81 
perhydrofluate  of,  384 
pernitrate  of,  383 
peroxide  of,  96    -^ 
persulphate  of,  382 
phosphuret  of,  97 
protochloride  of,  97 
protoxide  of,  96 
subpemitrate  of,  383 
subpersulphate  of,  382 
sulphuret  of,  97 
tinning  of,  described^  98 
▼itriolated.  382 
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Copperas,  355 

Cork,  513 

Corrosive  sublimate,  105 

Cotton,  512 

Crassamentum,  54r 

Cream,  566 

of  tartar,  307 
Crocas  metallorum,  48 
Crystalline  lens,  556 
Crystallized  citric  acid,  £62 

foliated  earth,  320 
Crystals  of  tartar,  307 
Cubic  nitre,  312 
Curd,  567 
Cuticle,  538 
Cyanogen,  22 

D 

Daphnin,  487 

Decomposition  of  animal  bodies 

after  death,  600 
Derbyshire  spar,  328 
Diabetic  urine,  suear  of,  530 
Diamond,  chemical  nature  of,  21 
Diaphoretic  antimony,   chemical 

nature  of,  227 
Dippel's  animal  oil,  531 
Diuretic  salt,  307 
Dragon's  blood,  508 
Dropsy,  liquor  of,  571 

£ 

Ear,  cerumen  of  the,  555 
Earth,  crystallized  foliated,  320 

of  bones,  326 
Egg,  white  of  the,  522 
Elun,  421 
Emetin,  489 

action  of,  on  the  animal 
economy,  489 
Enamel  of  the  teeth,  536 
Epsom  salt,  338 
Epulotic  cerate,  372 
Equality  of  temperature  explain- 
ed, 445 
Ether,  aromatic  sulphuric,   with 
alcohol,  414 
hydrochloric,  412 
muriatic,  412 . 
nitric,  414 
nitrous,  415 


Ether,  sulphuric,  413 

with  alcohol,  4 14 
vitriolic,  413 
Ethers,  412 
Ethiops,  martial,  70 

mineral,  107 

per  se,  101 
Eudiometers,  467 
Expectorated  matter,  571 
Extract,  Goulard's,  of  lead,  378 
Extractive,  ^88 
Eye,  humours  of  the,  556 

F 

Feces,  548 

Ferrocyanic  acid,  243 
Ferruretted  chyazic  acid,  243 
Fibrin,  animal,  524,  583 

vegetable,  499 
Fire  damp,  24 
Fixed  aii:,  213 
oils,  418 
Flint,  174 
Flowers,  martial,  355 

of  benzoin,  260 
Fluoboric  acid,  238 
Fluoric  acid,  228,  239 
Fluorine,  12 
Fluor  spar,  328 
Fluosilicic  acid,  239 
Flux,  black,  301 
white,  301 
Formic  acid,  250 
Fossil  alkali,  mild,  312 

vitriolated,  311 
Fuci,  ashes  of,  furnish  carbonate 

of  soda,  313 
Fuming  liquor  of  Boyle,  289 

Libavius,  93 
Fundn,  514 
Fusible  salt  of  urine,  319 

G 

Galbanum,  509 

Galena,  91 

Gallic  acid,  249 

Gall-stones,  573 

Gamboge,  510 

Gases,  heavy  inflammable,  24 

respirable,  591 

unrespirable,  592 
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GastricsecretioiitMl  | 

as  a  remedy,  553 

Oelatin,  520 
Gland,  540 
Glass,  bottle,  175 
crown^  175 
described,  175 
flint,  175 
Glassy  phospiMiric  acid,  dd7 
Glauber's  salt,  511 
Glucina,  170 

carlmuiie  of,  945 
fluate  of,  545 
hjdroflaate  of,  345 
nitrate  of,  345 
phosphate  of^  345 
sulphate  of,  344 
Glucinam,  65 

Glue,  chemical  natai'e  o(  522 
Gluten,  497 
Gold,  110 

chloride  of,  112 
fulminating,  152 
mosaic,  94 
muriate  of,  997 
perhydrochlorate  of,  d97 
perhydrochlorate  of,r  f»  • 

remedy,  398 
pemitrateof,  398 
peroxide  of,  112 
peroxide  of,  medicri  pro- 
perties of,  112 
persulphate  of,  398 
phospnureto^  112 
ppotexideof)  112 
sulphuret  of,  113 
Golden  sulphur,  405 
Goulard's  extract  of  lead,  378 
QovAf  eiie»li,  581 
Graphite,  72 
Green,  8€h«el6'8>  384 

vitriol,  355 
Guaiacum,  506 
Gum,  482 

tragacanth,  493 
Gum-resins,  508 
Gunpowder,  composition  of,  300 
Gypsum,  324 


Hartshorn,  burnt,  396  •* 

salt  of,  290 
violatilefiqfvor  0^290 

Heat,  430 

conduction  of,  442 

instruments  for  measamg^ 
454 

latent,  of  Dr.  Black,  452 

radiation  ot  440 

relative  qtiairtstjef  of,  in  bo- 
dies, 444 
Hematin,  485 
Hombei^'s  pyropborus,  348 
Honey,  530 
Human  body,  chemical  comatittt- 

tion  of  the,  583 
Humour,  aqueous,  556 
▼itreous>  556 
Humours  of  the  eye,  556 
Hydriodk  acid,  195 
HydMchftork  acid,  186 
Hydrocyanic  acid',  2da 
Hydmffuoric  acid,  22d 

H^drogt»^l» 

artonufetted,  3S 
Otfbttrelted,  24 
phospharetted,  3D 
selenuretted,  44 
sufpkmrottedv  €02 
s«pes8«lpburetted,904 

teUuretted,  50,  207 
Hydroguretted  sulphur,  204 
Hydrosefenic  acid,  205 
HydroMljriittriG  aaid,  202 
HydrosulphurouS'  acid,  2(H 
Hydrotellurie  add,  207 
Hydrothionic  acid,  202 
Hygrometers,  469 
HypoHixytiiufiatie  acid,  184 
Hyponitroua  acid^  212 
Hypophosphorow  add,  219 
Hyposulphurous  aeid,  201 


Hur,  543 
Hartshorn,  149 


H 


Ice,  manner  in  which  it  meltaei- 

ptained,  451 
Incombustiblesy  table  of,  131 

undceompound- 
ed,  IS 
Indian  rubber,  511 
Indigo,  496 
I  Ink,  sympathetic,  364 
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Ink,  writing,  S6Q 

Inulin,  493 

Instruments  f#r  measiiring  heat, 

454 
Iodic  acid,  194 
Iodine,  11 

chloniret  of,  237 
Ipecacuanha,  emetic  principle  of. 

Iridium,  118 

oxides  of,  119 
Iron,  67 

acetate  of,  361 

aawumiacal,  355 

-and4tmmonia»    ^loaphate 
of,  358 

arseniate  of,  358 

carbonate  of,  357 

carburets  of,  72 

cast»68 

chromateof,  359 

ddd  short,  75 

ferrocjranate  of,  359 

hot  short,  98 

hydrochlorate  of»  353 

iodide  o(  72 

medical  uses  of,  75 

muriate  of,  353 

nitmteof,  357 

peracetate  o^  361 

Bcdieal  vses 
of,  361 

perarseniate  of,  358 

percarbonate    of,    medical 
properties  of,  358 

percnloride  of,  72 

perfiirrocjanate  of,  359 

pergallate  of,  360 

perhjdrochlorats  of,  354 

perhydroeUorate  of,  tinc- 
ture of,  354 

permnriate  of,  354 

pemitrateof,  357 

peroxide  of,  71 

peroxide  of,  medical  uses 
of,  71 

perphosphate  o^  358 

persuccinate  o^  360 

persulphate  of,  356 

persulphuret  of,  75 

pertartrate  of,  362 


Iron,  phissphate  of,  358 
phosphuret  of,  74 
•   protochloride  of,  71 
protosulphuret  of,  75 
protoxide  of,  70 

medical  uses 
of,  70 
prussiate  of,  359 
red  oxide  of,  71 
rust  of,  358 
scales  of,  70 
subbipersulphate  of,  356 
subperphoephate  of,  358 
^  sulphate  o(  355 

medical  proner- 
I  ties  of,  35d 

tartar ized,  361 
tripersulphate  of,  357 
tun^tate  of,  359 
vitnolated,  355 
Isinglass,  chemical  nature  of,  522 


James's  powder,  405 
Jellj,  484 


Kali,  pure,  154 
Kelp,  313 

Kernes  mineral,  404 
Kinic  acid,  272 


Lac,  505 
Laccic  acid,  270 
Lactic  acid,  267 
Lead,  87 

acetate  of,  377 

medical  uses  of, 
377 

black,  72 

carbonate  of,  375 

carbonate  of,  uses  in  phar- 
macy of,  376 

chlorate  of,  374 

chloride  of,  91 

chromate  of,  376 

fluate  0^  376 
'         horn,  91 

hydrochlorate  of,  374 

hydroinate  of,  376 
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Leadyhyperoxymuriate  of»  Sr4 

iodide  or,  91 

muriate  of,  374 

nitrate  of,  375 

peroxide  of,  89 

phosphuret  of,  91 

protoxide  of,  88 

red,  90 

red  oxide  of,  90 

semi-vitrified  oxide  of,  89 

aemi-vitrified  oxide  of,  uses 
of,  in  pharmacy,  89 

subacetate  of,  S77 

Bubhydrochlorate  of,Sr4 

submoriate  of,  374 

■ubnitrate  of,  375 

8Ufi;ar  of,  377 

sulphate  of,  37    4 

sulphuret  of,  91 

vinegar  of,  378 

white,  375 
Lie,  caustic,  155 
Ligament,  540 
Light,  427 
Lignin,  513 
Lime,  160 

-and-antimonj,  phosphate 
of,  405 

-and -antimony,  phosphate 
of,  medical  properties  of, 
406 

benzoate  of,  329 

diphosphate  of,  327 

burning  of,  326 

carbonate  of,  325 

carbonate  of,  medical  pro- 
perties of,  326 

chlorate  of,  323 

chloride  of,  161 

composition  of,  162 

ferrocyanate  of,  329 

fluate  of,  328 

hydrate  of,  161 

hydriodate  of,  323 

hydrofluate  of,  328 

hydroguretted  sulphuret  of, 
325. 

hydrosulphate  of,  324 

hydrosulphite  of,  325 

hydrosulphuret  of,  324 

hyperoxymuriate  o^  323 


Lime,iodate  of,323 
iodide  of,  162 
Idaate  of,  330 
moroxyUte  of,  330 
muriate  of,  59 
nitrate  of,  325 
oxalate  of,  329 
oxidized,  161 
oxymuriate  of,  161 
phosphate  of,  326 

a  constituent 
in  bone,  535 
medical  uses 
of,  327 
phosphuret  of,  162 
plants  contain,  517 
quadriphosphate  of,  327 
silicofluate  of,  329 
stone,  325 

subphosphate  of,  328 
sulphate  of,  324 

anhydrous,  324 
sulphocyanate  of,  329 
sulphuret  of,  162 
tartrate  of,  329 
tungstate  of,  328 
water,  161 

medical  uses  of,  161 
with  potash,  a  caustic,  162 
Liniment,  volatile,  423 
Liquid  ammonia,  151 

potash,  155 
Litharge,  89 
Lithia,  159 

carbonate  of,  322 
nitrate  of,  322 
sulphate  of,  322 
Lithiunn,  58 
Liver  of  sulphur,  157 
Logwood,  colouring  matter  of,  485 
Looking  glasses,  sQvering  of  de- 
scribed, 108 
Lunar  caustic,  395 

M 

Magistery  of  bismuth,  386 

Magnesia,  167 

bicarbonate  of,  341 
bicarbonate  of,  medical 
properties  of,  341 
calcined^  167 
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Magnesia,  cari)oiiate  of,  340 

carbonate  of,  medical 

properties  of,  541 
chlorate  of,  338 
fluate  of,  342 
hjdriodate  of,  338 
hydroiiiiate'of,  34£ 
hjperoxjmuriate   of, 

338 
medical  uses  of,  168 
mu<  iate  of,  63 
nitrate  of,  339 
phosphate  of,  342 
plants  which  contain, 

517 
sulphate  of,  338 
sulphate    of,    medical 

uses  of,  339 
sulphuret  of,  168 
tartrate  of,  342 
vitriolated,  338 
while,  340 
Magnesium,  63 

chloride  of,  63 

Malic  acid>  266 

Manganese,  79 

chloride  of,  81 
deutoxide  of,  80 
hydrochlorate  of,  365 
muriate  of,  365 
nitrate  of,  366 
peroxide  of,  81 
persulphate  of,  366 
phosphuret  of,  81 
protoxide  of,  80 
sulphate  of,  365 
sulphuret  of,  81 

Marble,  325 

Mar^aric  acid,  424 

Marine  acid,  186 

Marrow,  542 

Martial  flowers,  355 

Massicot,  88 

Mastich,  504 

Matter,  expectorated,  571 

general  properties  of,  cau- 
sing cnemical  changes, 
457 
of  cancer,  571 

Medullin,  513 

Mellite,  350 


Mellitic  acid,  265 
Membrane,  540 
Mephitic  acid,  213 
Mercury,  100 

acetate  of,  393 
ammoniated  perchloride 

of,  106 
-and -ammonia,  muriate 
of,  288 

-and -ammonia,     subni- 

trate  of,  390 
-and -ammonia,     subni- 

trate  of,  medical  uses 

of,  391 
-and-ammonia,  suboxj- 

muriate  of,  105 
ash-coloured  oxide   of, 
390 

bisulphuret  of,  107 
bisulphuret  of,  medical 

uses  of,  107 
carbonate  of,  392 
chlorate  of,  388 
corrosive  muriate  of,  105 
hydrofluate  of,  392 
hjrperoxjmttriateof,  388 
mild  muriate  of,  103 
nitrate  of,  390 
oxjmuriate  of,  105 
peracetate  of,  393 
perchlorate  of,  388 
perchloride  of,  105 
perchloride  of,  medical 

uses  of,  106 
perch  loride  of,  poisoning 

hj,  106 

periodide  of,  106 
pernitrate  of,  391 
pernitrate  of,    uses  in 

pharmacy  of,  391 
peroxide  of,  102 
peroxide  of,  medical  uses 

of,  103 

perphosphate  of,  392 
pernhosphate  of,  medi- 
cal uses  of,  392 
persulphate  of,  389 
persulphate  of,  medical 

properties  of,  390 
pnosphuret  of,  106 
protiodide  of,  106 
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Mercury,  protochloriAe  of,  103   * 
protochloride  of^  medi- 
cal uBes  of,  104 
protoxide  of,  101 
protoxide  oC  uses    in 
pharm^jr  of,  102 
red  precipitate  of,  102 
sniMMiriate  of,  103 
sulphate  b&  388 
•iilphttret  of,  107 
sulphuret   of,    medical 
uses  of,  lOr 
anperperoiUphate  of,  389 
supersulphate  of,  388 
yellow  substtlphate  of, 
389 
Microcosmic  salt,  319 
Milk,  565 

cowb',  ^66 
sugar  of,  530 
woman's,  568 
Mineral,  kermes*  404 

medical  proper- 
ties of,  405 
iurpetlu  389 
Miniam,  90 
MolybdeJktm,  39 

oxide  of,  40 
aulphurot  of,  40 
Molybdic  acid,  da4 
MolytMiouB  acid»  225 
Moroxylic  acid,  269 
Morjriua«  490 

action  on  the  human 
ejTstem  of,  490 
Mortar,  component  parts  of,  163 
Mucous  network,  539 
Mucus*  animal,  526 

of  the  n^ae,  555 
TCgetable,  483 
Muriatic  acid,  i8€i,  192 
Muscle,  536 
Musk,  533 
Myricin,  500 
Myrrh,  510 

N 

Nail,  536 
Narcotic  aalt,  215 
Natron,  prepared,  312 


Natros,  vitmteted»311 
Nature,  cliemical  examination  of, 

463 
Neire,  541 
Nickel,  75 

chloride  of,  rr 

hydrochlorate  of,  363 

raviate  of,  363 

nitrate  of,  363 

peroxide  of,  76 

phospharet  of,  77 

protoxide  of,  76 

sulphate  of,  363 

snlphnrot  «f,  77 
Nicotin,  487 
Nitre,  299 

cubic,  312 

fixed,  30i 

spirit  o&  208 

sweet  spirit  o^  415 
Nitric  acid*  206 
Nitrogen  gas,  13 
Nitrous  acid,  212 

gas,  15 

dephlogit&caitBA,  14 
Nitrum  flammans.  289 

semivolafile,  289 
No8e,nuica8  of  the,  555 
Nax  Tomica,  poisonous  principle 

0&491 

O 

Ochre,  yellow,  172 
Oil  ^  Titriol,  197 
Oils,  animal,  531 
fixed,  418 

nseain  pharmacy  of,420 
vegetable,  499 
volatile,  416 

uses  in  medicine  of, 
417 
Olefiant  gas,  28 
Oleic  acid,  425 

Oleum  tartari  per  deliquiom,  303 
Olibanum,  509 

Opivm,4iareoti£  princ^e  of,  490 
Opoponax,  510 
Osmazome,  527 
Osmium,  U9 

oxide  of,  120 
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Oxalic  acid,  251 
Oxide,  carbonic,  21 

of  antimonj,  with  phos- 
phate of  lime,  405 
Oxidizea  iron,  in  plants,  51  r 

manganese,  in  plants, 

517 
water,  ^72 
Oxychloric  acid,  185 
Oxygen,  4 
Oxyprnssic  acid,  241 


Palladiam,  116 

chloride  of,  116 
hjdrochl orate  of,  400 
inuriate  of,  400 
nitrate  of,  400 
oxide  of,  116 
sulphate  of,  400 
sulphuret  of,  117 

Pancreatic  secretion,  553 

Perchloric  acid,  186 

Pericardium,  liquor  of  the,  557 

Peroxidized  water,  properties  of, 

473 

Peruvian  batfc  contains  extrac- 
ting. 489 

Pewter,  95  ' 

Phiogisticated  alkali,  305 

sulphuric  acid,  200 
Phosgene  gas,  23o 
Phosphoric  acid,  216 

glassj,  327 
Phosphorous  acid*  218 
Phosphorus,  26 

bihjdroguret  of,  31 
Homberg's,  60 
hydroguret  of,  30 
medical  uses  of,  32 
oxide  of,  28 
perchloride  of,  29 
periodide  of,  30 
protiodide  of,  29 
protochloride  of,  28 
slow  combustion  of» 
products  of,  218 
Sttlphoret  of,  35 

Kcromel,  527, 584^ 

Picrotoxin,  486 

Plarter  of  Pfcrjs,  324  i 


I  Platinum,  113 

deutosulphuret  of,  115 
fulminating,  152 
medical     employment 
of,  116 
muriate  of,  399 
perchloride  of,  115 
perhydrochlorate    of. 


399 


peroxide  of,  114 
perphosphuretof,  115 
persulphuret  of,  115 
protochloride  of,  114 
protophosphuretof,  115 
protosnlpnuret  of,  115 
protoxide  of,  1 14 
sulphate  of,  ^99 
Plumbago,  72 
PoHenin,499 
Poljchroite,  485 
Ponderous  spar,  531 
stone,  328 
Potash,  154 

acetate  of,  307 

medical  uses 
ot307 
^nd-antimony,  tartrate 

of,  406 
-aud-antimony,  tartrate 
of,  medical  properties 
of,  407 
-and-antimony,  tartrate 
of,  properties  of,  407 
•and -iron,  prussiate  of, 
305 

-and-iron,   sulphate  of, 
356 

^nd-iron,  tartrateof,  361 
-and-iron,  tartrate  of,me<- 

dical  properties  of,36l 
-and-lime,tartrate  of,329 
-and -magnesia,  tartate 

of,  342 

-and-soda,tartrate  of,320 
-and»soda,tartrate  of,me- 
dical  properties  of,321 
arseniate  of,  304 
arsenite  of,  304 
arsenite  of,  medical  pro- 
perties of,  insolumir, 
304 
41 
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Totash,  bicarbonaie  of,  SOS 

bicarbonate  of^olation  of, 

used  in  medicine,  303 
binarseniate  of,  304 
binoialate  of,  306 
bitartrateo£307 
bitartrateof,  medical  pro- 
perties of,  308 
carbonate  of,  301 
carbonate  of,  how  obtain- 
ed, 302 

carbonate    of,    medical 
properties  of,  303 
carbonate  of,  properties 
of,  302 

chlorate  of,  294 
chlorate  of,  explodes  with 

combustibles,  294 
chlorate  of,  medical  em- 
plojrment  of,  295 
enloride  of,  157 
citrate  of,  309 
composition  of,  157 
ferrocjanate  of,  305 
ferrocjanate  of,  metallic 

precipitations  bj,  306 
floate  of,  305 
fluosilicate  oC  305 
hydriodate  of,  296 
„   hjdrofluate  of,  305 
hydroguretted  sulphuret 

of;  298 
bydrosulphat^  of,  297 
hjdrosnlphate  of,  medi- 
cal uses  of,  298 
fajdrosttlphite  of,  298 
hjdrosulphuret  of,  297 
hjperoxjmuriate  of,  294 
iodate  of,  296 
Kquid,  155 

medical  uses  of, 
156 
muriate  ct,  52 
9itr4te  of,  299  . 

gunpowder 
contains,  300 
medical    pro- 
perties of,301 
C^jchiora^  of,  295 
porchloratis  of,  295 


Potash,  plants  contnn,  515 

preparation  of,  for  medi- 
cal use,  155 
pjTotartrate  of,  309 
sUicoflnate  oU  305 
soap  of,  424 
snlf^ate  of,  296 
sulphate  oC  medical  pro- 
perties of,  297 
sulphite  of,  297 
sulpbocjanate  of,  305 
sulphuret  of,  157 
Bupertartrite  of,  307 
sui^cal  uses  of,  157 
tartrate  of,  308 

medical    pro- 
pertieso^SOO 
tartrite  of,  308 
triple  pmaaiate  of,  305 
Potassinm,  50 

chloride  of,  52 
cUorideof,  animal  sub* 
stances    contatnii^ 
586 
chloride    ot,   mediql 

uses  ^  53 
hjdnirelnf^  53 
iodide  of/ ^3 
peroxide  of,  52 
phosphuret  of,  5^ 
sulphuret  of,  53 
Powder,  antimonial,  405 

James's,  405 
Precipitations  of  metals  bj  hydro- 
sulphate  of  potaa^ 

of  metals  by  h  jdro- 
sulphite  of  potash, 
299 
Prepar^  ammonia,  290 

natron,  312 
PriiMipl^,  bitter,  485 

colouring,  485 
Propolis,  532 
Proximate  constituents,  chief,  of 

ai^nuils^  583 
Prussian  ^Ikal^  305 
blWi^i  359 

native,  858 
Prussiate  of  iron,  3;Sf9 
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Pruasiate  of  8oda>aBd-iroti,  319 
Btrontiaii-and-irotiy 
3S7 
Prussic  acid>  SSO 
Pure  clay,  ITl 
Purpuric  acid,  248 
Pus,  569 

Sood,5rO 
l-conditieiied,  570 
Putrefaction,  ankaal,  600 

animal,  in    baried 
bodies,  601 
animal,   means    of 

preventing,  601 
animal,  products  of, 
600 
Pjrrites,  cubic,  75 

magnetic,  7ff 
Ffro-acetic  spirit,  S57 
Pyrometer,  ¥r  edsewoed%  456 
PyrojAoms,  Homerg's,  S48 
Pyrotartaric  acid,  268 

Q 

QuasBia.  bitter  principle,  of,  486 
Quassin,  486 
QuicUime,  160 
Qoicksiivcr,  100 

white  calx  of,  106 

R 

Radiation  of  heat»  440 

Radical  vinegar,  fl55 

Red  lead  ore  of  Siberia,  S76 
precipitate  of  mercury,  102 

Resins,  animal,  532 

vegetable,  50S 

Respirable  gases,  591 

Respiration,  580 

Rete  mutosum,  539 

J3lipdittm,nr 

deutoxideof^  118 
perhydroeblorateof,401 
pemitrate  of,  401 
peroxide  of,  118 
persui|ibate  of,  401 
protoxide  of,  llS 

Rochelle  salt«  320 

Rosin,  504 

Rust  of  iron,  358 

e 

Saccharine  acid,  251 


Saocharihe  matter,  animal,  530 

Sacfactic  acid,  261 

Saffron,  colouring  matter  of,  485 

of  mars,  71 
Sagapenum,  510 
Sa^o,  chemical  nature  of,  496 
Saint  Ignatius's  bean,  poisonous 

principle     gf, 
491 
Sal  alembroth,  288  t« 

ammoniac,  287 

fixed,  59 
secret,  288 
de  duobns,  296 
polychrestns,  296, 297 
Salifiable  ba^es,  149 

alkaline,  149 

table  o^ 
180 
as  animal  consti- 
tuents, 534 
eartiiy,  168 

table    of^ 
181 
neither    alkaline 
,  nor  earthy,  177 

neither    alkaline 
nor  earthy,   ta- 
ble of,  182, 183 
present  in  animal 
substances,  588 
present  in  plants, 
515 
Saliva,  550 

Salop,  chemical  nature  of,  496 
Salt,  calcareous  marine,  59 
common,  55 

yields  carbonate  of 
soda  by  chemical 
decomposition, 
313 
digestive,  52 
diuretic,  307 
Epsom,  338 
febrifuge,  52 
fusible,  of  urine,  319 
Glauber^s,  311 
microcosmic,  319 
narcotic,  215 
of  amber,  254 
of  benzoin,  260 
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Salt,  of  lemons,  esmti«l«  306 

of  Seignette,  320 
of  steeU  S55 
of  wood-sorrel,  306 
petre,  999 
regeuerated  sea,  52 
Bochelle,  320 
sea,  55 
sedative,  215 
wonderfai  perUted,  317 
Salts,  286 

Salts  of  alumina,  346 
ammonia,  287 
barytes,  331 
ducina,  344 
Bme,  323 
litbia,  322 
magnesia,  338 
oxidized  antimony,  403 
bismuth,  386 
cerium,  3G7 
cobalt,  364 
copper,  381 
^otd,  397 
iridium,  402 
iron,  353 
lead,  374 
manganese,  365 
mercury,  387 
nickel,  363 
osmium,  402 
palladium,  400 
platinum,  399 
rhodium,  401 
silver,  394 
tellurium,  408 
tin,  379 
titanium,  402 
uranium,  368 
zinc,  369 
potasli,  294 
silica,  353 
.    soda,  310 
strontian,  335  . 
ihorina,  352 
yttria,  343 
zirconia,  351 
present  in  animal  substan- 
ces, 587 
Sarcocoll,  482 
Saturnine  ointment,  377 


Scammony,  510 
Scheele's  green,  384 
Scheelium,  40 
ScillitiB,  486 

Sea  water,  analysis  of,  471 
Secretion,  594 

gastric  551 
pancreatic,  553 
Secretions,  excrementitioas,  595 
Selenic  acid,  204 
Selenite,324 
Selenium,  43 
Semen,  565 
Senna,  extractive  is  present  in, 

488 
Serum  of  the  blood,  547 
.  Silica,  174 
I  composition  of,  176 

forms  glass  with  potash  or 
soda,  175 

plants  containing,  517 
Plicated  fluoric  acid,  239 
Silicofluoric  acid,  239 
Silicum,  66 
SUver,  108 

arsenite  of,  396 
chlorate  of,  394 
chloride  of,  109 
coin,  110 
fluate  of,  396 
fulminating,  152 
horn,  109 
hydroflnate  of,  396 
hyperoxymuriate  of,  394 
ioaate  of,  394 
iodide  of,  no 
muriate  of,  109 
nitrate  of,  395 

surgical  and  me- 
dical  uses  of, 
395,  396 
oxide  of,  109 
phosphuret  of,  110 
sulphate  of,  394 
sulphuret  of,  110 
Sinovia,  557 

Size,  chemical  nature  of,  522 
Skim -milk,  composition  of,  568 
Skin,  538 

true,  chemical  nature  of, 
539 
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Snap,  hard,  423 

of  ammonia^  423 

of  potaah,  4£4 

of  soda,  423 

aof ti,  424 
Soaps,  422 
Soda,  158 

acetate  of,  320 

ammonio- phosphate  of,  319 

-and-iron,  prussiate  of,  319 

animal  substaoces  contain- 
ing, 585 

bicarbonate  of,  316 

bicarbonate  of,  medical  pro- 
perties of,  in  solution,  316 

b^phosphate  of,  319 

borate  of,  317 

carbonate  of,  312 

carbonate  of,  medical  pro- 
perties of,  315 

carbonate  of,  properties  of, 
315 

chlorate  of,  310 

composition  of,  159 

dried  carbonate  of,  is  offici* 
nal,  315 

ferrocyanate  of,  319 
fluate  of,  319 
fiuosilicate  of,  319 
hjdriodate  of,  310 
hjdrofluate  of,  319 
hjdrogaretted  sulphuret  of, 
312 

hydrosulphate  of,  311 
hydrosulphite  of,  312 
hjdroBulphuret  of,  31 1 
.  hyperoxymnriate  of,  310 
iodate  oi,  310 
muriate  of,  55 
nitrate  of,  312 
phosphate  of,  317 

medical    pro- 
perties of^  18 
plants  containing,  516 

silicofluateof,  319 
soap  of,  423 
subborateof,  316 

medical   uses 
of,  317 
sulphate  of,  311 


Sod^  sulphate  of,  medical  proper- 
ties of,  311 

sulphate  of,  yields  carbo- 
nate of  soda,  by  chemical 
decomposition,  314 
tiulphocyanate  of,  319 
tartrate  tff,  320 
triple  prussiate  of^  319 
urate  of,  319 
Sodium,  54 

chloride  of,  55 
chloride  of,  animal  sub- 
stances containing,  586 
chloride  of,yields  carbo- 
nate of  soda,  by  chemi- 
cal decomposition,  313 
peroxide  o^  55 
phosphuret  of,  57 
sulphuret  of,  58 
Solder,  plumber's,  95 
Soluble  tartar,  308 
Sorbic  acid,  253 
Spar,  Derbyshire,  328 
fiiuor,  328 
ponderous,  331 
Specinc  gravities  of  the  unde- 
compounded  bodies,  ta- 
ble of,  139 
Spermaceti,  422 
Spirit  of  Miudererus,  293 
nitre,  208 
sea  salt,  186 
wine,  409 
pyro-acetic,  257 
Squill,  bitter  principle  of,  486 
Starch,  494 

how  converted  into  su- 
*  gar,  481 
Steam,  heat  becomes  non-distri- 
butable in,  451 
SteHrin,  421 
Steel,  72 

blistered,  74 
cast,  74 
natural,  73 
salt  of,  355 
Stone,  Bologna,  332 
Storax,  508 
Strontian,  165 

carbonate  of,  336 
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chloride  «f,  166 
lerrocyaMite  ^,  SS7 
flaate  of,  3dT 
hydrate  0^  166 
hydriodmte  oi,  SS5 
hjndrofliiatB  of,  S6r 
hyperoxynmiate  of, 

335 
iodate  of,  9S5 
timriale  of»  6£ 
Biiiate  of;  dS6 
Bttlphste  of>  335 
triple  praatiate  of»  337 
Stroniiaiti,  6S 

dkhxide  ef;  63 
peroxide  of»  62 
Strychnin,  491 

actien  b^  on  the  ani- 
■lal  economy,  4M 
Suber,  513 
buberic  acid,  270 
Sublimate,  corrotive,  105 
Subflulphate  of  mercury,  yellow, 

389 
tecoinic  tcIA,  354 
Smmt,  480 

acid  of;  251 

of  diabetic  urine,  550 

of  lead,  377 

ofmilk,5SO 

acid  of  tiie,  261 
of  saturfti  377 
Sulphocyanicacid;  242 
Sulphur,  32 

animal  substances  con- 
taining, 585 
chloride  of,  33 
colden,  405 
fydrogurcttedt  204 
iodide  of,  33 
liver  of,  157 
Sulphuretted  chyazic  acid,  242 

hydrogen,  202 
Sulphuric  acid,  196 
Sulphurous  acid,  200 
Sulphurous  saltof  Stahl,  297 
gupersulphate  of  alumina^wd- 

ammonUy  346 
of  alamina-and- 
potash>  346 


Supersulphnretted  hydvom,  W4 
Supertartrite  of  potai^,  So7 
Supporters  of  coiiiiM»<&o&»  table 
^  of,  131 

of  comftMtotiOft,  unde- 
-compounded,  4 
Sweat,  563 
Sweet  spirit  of  nitre,  415 


Taeamdiaci  504 
Tannin,  478 

artifieM,  479 
Tantnlun,  42 
Tartar,  307 

antioioniated,  400 
chalybeated,  S6l 
cream  of,  307 
oryatals  of,  307 
emetic,  406 
salt  eO  901 
soluble,  308 
vitrMatod,  29« 
Tartaric  atid,  258 
Tartaiiied  aolkMtty,  406  '■ 
iron,  361 

vegetaMe  aAkaii,  308 
Tartrate  of  potiioh-aftd-ooda,  320 
Tartrite  ^antimotiy,  406 

potash,  90S 
Tears,  554 

Teeth,  dbemiaai  tMliire  of,  536 
Telluric  acid,  206 
Tellurium,  48 

chioride  of,  49 
oxide  of>  49 
eotphuret  of,  50 
Temperature,  equality  of,  explain- 

ed,445 
Tendon,  540 

Thermometer,  Cekivd'a,  455 

common,  454 
De  Lisle's,  455 
t«hireiih^^8»  454 
Lealie^s,  455 
Reaumut^a,  455 
Thorina,  173 

carbonate  of,  352 
hydrochlorate  of,  352 
muriate  of,  3^8 
nitrate  of,  352 
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Thorina,  sulplute  o(  3952 
ThoFinum,  66 
Tin,  91 

ammonio-perDitrate  oS,  380 

bisulphuret  of»  94 

fluate  pf,  380 

hydrochk>rate  of,  379 

medical  uses  of,  95 

muriate  of,  379 

nitrate  of,  380 

oxyniuriate  of,  93 

perchloride  of,  93 

perhjdrocbiorate  of,  379 

perhjdrofluate  of,  380 

permuriate  of,  379 

peroxide  of,  9£ 

persulphate  of»  380 

phosphuret  of,  94 

plate,  95 

protochloride  of,  93 

protoxide  of,  92 

au\phat^  of,  379 

sulphur  et  ^,  94 
TiiKal,  316 

Tincture^  of  ac«tated  iron,  361 
m^riated  iro«.  354 
Titanium,  120 

d^toxide  of,  !£], 
muriate  of^  402 
percarbonate  of,  403 
perhydrochlorate    of, 

402 

p^rnitrate  of,  409 
peroxide  of,  121 
protoxide  of,  121 
sulphate  oi&  403 

Tobacco,  charftcteristiQ  principle 
of,  487 

Trona,  316 

Tungsten,  40,  328 

oside  oi^  41 

sulphuret  oi^  41 
Tungstic  acid,  225    . 
Turner's  cerate,  372  - 
Turpeth  ininei:a]»  389 
Tuttj,  85 

U 

Ulmin,  484 

Unrespirable  gases,  592 
Unsalifiable  compounds,  409 


Uranium,  83 

hjdrocUorate  of,  368 
muriate  of,  368 
nitrate  of,  36& 
peroxide  of,  83 
protoxide  of,  83 
subnitrate  of,  369 
sulphate  of,  368 
Urea,  528,  584 
Uric  acid,  247 
Urine,  558 

composiiioii  of,  561 
diseased  states  of,  562 
piak-coleured  sediment  oT, 
562 


Vapour  of  water,  as  a  constituent 
.    of  the  atmosphere,  468 
Yareo,  313 

VamisK  of  leaves,  501 
Veget^o  acida,  477 

aUalj,caiistiCyl54 
wM,  301 
tartariaed,  308 
vitrioktftd,  296 
chemistry,  476 
Vegetables,  proximate  constitu- 

ents  oi  476 
ultimate      conatitu- 
ents  of,  518 
Verdigria»  medical  uses  of,  385 

preparation  of,  38^ 
Vermilion,  107 

Vinegar,  chemical  nature  of,  255 
medical  uaes  of,  258 
of  lead,  378 
properties  o&  956 
radical,  ^5 
Vitriol,  blue,  382 
green,  555 
oil  of,  197 
white,  370 
Vitriolated  ammoniac,  288 
copper,  382 

fossil  aUali,  3U 
iron,  355 

xnagnasia,  338 
natron,  311 
zinc,  370 
Vitriolic  acid,  197 
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Vohtfle  alkali,  149 

mild,  290 
liniBiciit,  423 
oils,  416 

W 

Water,  470 

below  a  certain  tempera- 
tare,  contracts  by  neat, 
446 

composition  of,  475 
discorerj  of  the  composi- 
tion of,  474 
manner  in  which  it  freezes 

explained,  450 
maj  be  cooled  below  the 
freezing  point,  without 
becoming  ice,  448 
of  acetates  litharge,  378 
ofacetate  of  ammonia,  293 
of  acetate  of  ammonia,me- 
dical  properties  of,  293 
of  ammonia,  151 
of  carbonate  of  ammonia, 

290 
of  potash,  155 
peroxidized,properties  of, 

473 

sea,  analysis  of,  471 
Wax,  500 

myrtle,  501 

uses  in  pharmacy  of,  501 
Whey,  567 
White  lead,  375 
White  magnesia,  340 
of  Uie  egg,  522 
▼itriol,  370 
Wine,  antimonial,  407 
chalybeate,  362 
spint  of,  409 
Wodanium,  87 
Wolfram,  359 
Wolframium,  40 


Yellow  ointment,  391 
Yttria,  169 

carbonate  of,  344 


Yttria,  flnate  of,  344 

hydrochlorate  of,  343 
hydrofliiate  of,  344 
nariate  of,  343 
nitrate  of,  344 
sulphate  of,  343 

Yttriam,  64 


Zinc,  84 

acetate  of,  372 

medical  uses  of, 
373 
carbonate  of,  372 

medical     pro- 
perties of,372 
chlorate  of,  369 
chloride  of,  85 
flowers  of,  84 
fluate  of,  372 
hydriodateof,  370 
hydrochlorate  of,  S70 
hydrofluate  of,  372 
hyperoxy muriate  of,  3G9 
impure  oxide  of,  BS 
ioilate  of,  370 
iodide  of,  85 
muriate  of,  370 
nitrate  of,  371 
oxide  of,  84 

medical  u8esof,85 
phosphuret  of,  86 
sulphate  of,  370 

medical  uses  of, 
371 
sulphuret  of,  86 
vitriolated,370 
Zirconia,  172 

carbonate  of,  351 
fluate  of,  351 
hydrochlorate  of,  351 
hydrofluate  of,  351 
muriate  of,  351 
nitrate  of,  351 
sulphate  of,  351 
Zirconium,  66 
Zumic  acid,  272 


